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As the result of the War, the Governments of civilised Powers have 
learnt a few lessons regarding the special importance of minerals 
among the raw materials that are essential to industries; their 
annual outputs also have since generally exceeded the records of 
the years preceding 1914. In the year just past the mineral 
production of the world amounted to nearly 2000 million tons, and 
of this total the British Empire produced about one-quarter, whilst 
the United States produced two-fifths. Thus, between them, the 
two great English-speaking powers control just two-thirds of the 
world’s supply of 

Of all the international puzzles which the League of Nations and 
their friendly associates have been attempting to solve since the 
War, mineral questions present certain features that are peculiar, 
and thus deserve special consideration in framing any economic 

icy or in devising measures to ensure military security :— 

(1) Unlike the distribution of animal and plant products, which 
ean be modified within certain limits by artificial means, mineral 
deposits are fixed irrevocably by Nature, irrespective of climate 
and political boundaries. Thus, some international movement of 
mineral products is inevitable, and this fact should be considered 
as basic in devising fiscal measures. 

(2) Mineral deposits are wasting assets; they are essential for 
the maintenance of civilisation such as we know it now, but they 
can be used once and once only in the history of each country that 


possesses them. 

(3) For the maintenance of normal civilised activities the British 
Empire. and the United States must exchange a few mineral 
products, whilst the other nations are much more definitely 


dependent on. these two for their essential requirements. 
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(4) The British Empire contains a wider variety of minerals 
than any other national unit; and, whilst it has an exportable 
surplus of some that are essential, like cobalt, nickel, mica and tin, 
its requirements of others exceed its own production; of this 
latter class petroleum is about the most important and the one that 
immediately concerns this special discussion. 

A purely technological institution does not dabble in politics, 
but we cannot help being conscious of the fact that our activities 
bring us into contact with many of the international problems that 
are affected by oil. Export and import tariffs are now imposed, 
modified or abolished for reasons that have little or no visible 
connection with the economic aspects of minerals; often these 
questions are used by one political party merely as instruments 
to lever an opposed party out of office, without regard to whether 
the Empire or any part of it has or has not enough of those mineral 
products that are essential to its natural industrial development. 

In the same way, the State ownership of minerals has been 
lumped with the very different question of the State ownership of 
mines, in order to create a political party cry of sufficient amplitude 
for electioneering purposes 


The changes in the "a aimed configuration of the international 
equilibrium which have occurred since the War have now produced 


an additional set of problems, which, though economic in founda- 
tion, are in danger of becoming obscured by an excessive national 
consciousness. We now find such formule as “equal opportunity 
and the open door” coming into conflict with another phrase of 
American manufacture—“ self-determination.” As a consequence 
of taking this last phrase seriously, the smaller nations naturally 
think of safeguarding for the use of their own nationals their 
resources in raw materials; and this unexpected development 
some of our American friends complain of as being contrary to 
the general interests of civilisation. But this point will be con- 
sidered more fully in a later paragraph of this paper. The danger 
of being governed by phrases and slogans in international as well 
as in domestic politics can be reduced effectively only by a cold 
analysis of the essential facts—facts regarding the natural distri- 
bution of minerals, and facts regarding the way in which their 
uses in fundamental industries are being affected, or, what is even 
more important, are likely to be affected, by impending technical 
developments. 

Technologists can help by collating the facts and summarising 
them in a form that will permit of simple economic deductions ; 
and there is a danger that, without an occasional independent, 
non-political stock-taking of this sort, our continual compilation 
of unrelated data relating to highly specialised parts of the group 
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of subjects that constitute petroleum technology, will leave our 
work sterile and without purpose or direction: we shall always 
be in the condition of being unable to “see the wood for the 
trees,” unless we get outside occasionally and correct our per- 
spective. 

The approaching Congress of Mining and Metallurgy, which will 
assemble in Canada, gives us an opportunity to discuss with our 
“opposite numbers” m the Dominions’ the question whether we 
can with advantage now undertake an estimate of the conditions 
that affect the development of petroleum ; if so, in what direction 
and to what extent can we explore those questions that are funda- 
mental to the economic progress of each self-contained unit of the 
Empire, and therefore of the Empire as a whole ? 

The Institution of Mining and Metallurgy, one of the other 
constituents of the Congress, intends to explore similar questions 
for the non-ferrous minerals, which include some problems that 
are different in nature from those that have grown up around oil. 
Among the non-ferrous minerals there are some products which, 
commercially, in times of peace are relatively unimportant, but 
which in time of national emergency may suddenly become of 

Petroleum, however, is one of the major mineral products in the 
commercial sense as well as one of supreme importance in the 
present state of technical science for measures of defence. The 
exploitation of petroleum has become controlled by companies 
sufficiently powerful to establish their own intelligence branches 
and sufficiently influential to advise their Governments on questions 
of international policy ; for their interests and the interests of the 
nation as a whole roughly coincide. We can therefore with some 
confidence restrict our own discussions to those technical aspects 
of oil which are likely to affect the trend of industrial and 
commercial developments. 

The questions that suggest themselves as suitable for discussion 
include these :— 

(1) Having in view the present state of our geological knowledge 
of the various parts of the Empire, what are the prospects of 
maintaining or of extending our present production of crude 
petroleum ? 

(2) To what extent is it likely that these supplies can be supple- 
mented by the exploitation of oil-shales ? 

(3) What are the prospects of obtaining oil from the low- 
temperature treatment of appropriate sections of the coal family ¢ 

(4) Whether there is a prospect in the early future of obtaining 
oil-substitutes by processes like the hydrogenation of coal. 
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(5) The prospects of supplementing oil supplies by other forms of 
liquid fuel, such as alcohol. 


(6) The prospective development of those processes that are 
necessary for obtaining from crude oil larger fractions of those 
lighter hydrocarbons that are required to meet the demand caused 
by the multiplication of internal combustion engines. 


Many subsidiary questions arise from these six general pro. 
positions ; some are within our special province, as for instance the 
supplies of accessory mineral products and chemicals that are neces. 
sary for new developments in. refining processes ; even the measures 
being taken within the Empire to train the required technical 
specialists must not be overlooked. Other questions that affect 
fuel prospects generally lie outside our special sphere of influence, 
as, for example, the development of hydro-electric power, which 
affects coal as much as oil as an essential source of motive power. 

It should be understood that not one of the questions just 
indicated is capable of being answered in precise terms; and it 
is for this very reason that a new discussion is suggested. For 
a Government to frame a policy that is most likely to meet the 
prospective needs of a country, it must necessarily rely on the 
judgment of those specialised technologists who are able to estimate 
with accuracy, although not necessarily with precision, what is 
likely to occur in the near future. Obviously, no Government can 
rely on statistics alone; they, for instance, can never give the 
slightest idea whether new oilfields are likely to be discovered ; 
whether, if crude petroleum supplies fail, we can hope, with reason- 
able hope, that other sources of liquid hydrocarbons will take the 
place of natural oil; or whether, and in what directions, we ought 
to shape our policy to meet the changed circumstances that may 
arise in the near future. 

The papers that follow record the dominant impressions of 
specialists in four groups of these problems. They are purposely 
thumbnail sketches of the general situation, not detailed surveys, 
and they have been prepared at the request of the Council mainly 
to test the proposition that the time is now ripe for forming standing 
Committees in each Dominion in order to estimate the ways in 
which recent developments in petroleum technology, that have a 
bearing on commercial activity, affect Empire problems of economic 
policy and of military security. 

There is one matter which we have not attempted to include 
in this series of studies, although it must have an important influence 
on the development of petroleum, as it has on all minerals; that 
is, the statutory conditions laid down in each Dominion and Colony 
for granting rights to explore, to prospect and to drill for oil. 
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Such regulations have been actively tested in India, with Burma, 
in Canada and in some Colonies. 

The only area with which I have personal acquaintance is India, 
where the old rules have been altered in recent years to meet the 
circumstance that oil is unlike other minerals because of the 
absence of a sharp class distinction between prospecting and 
exploitation. Prospecting is possible only by drilling and generally 
by deep drilling, often in remote areas that are not readily accessible 
for heavy plant. The ordinary maximum limit of three years 
laid down as applicable to prospecting licences for other minerals 
is thus unsuitable for oil. 

With a new field also in regions where there is no established 
refinery, it is obviously necessary that a pioneer company should 
have rights over more than the usual area in order to justify the 
capital expenditure necessary on pipe-lines and refining plant. 
The permissible features of the standing regulations are in general 
satisfactory, but their application by local officials too often 
suggests a failure to recognise the fact that prospecting is not an end 
in itself; no wise company would prospect without certainty of 
obtaining land enough to meet the requirements of a refinery 
on a scale sufficiently large to handle on commercial lines the 
smaller of the marketable products. 

Recently, the Government of India have issued a circular letter 
with the object of collecting opinions on a proposal made for 
disposing of mining concessions on a system of auction or by 
competitive tenders. No system could better suit the type of 
parasite that seems to spring up by spontaneous generation in 
every oilfield; and the fact that it is discussed seriously shows 
how far some of our Governments have had their centres of gravity 
disturbed by the atmosphere of war. 

No incident could have demonstrated more effectually the 
necessity of forming independent, non-official bodies to criticise 
measures of economic policy that affect, or fail to affect, the 
development of the mineral industries. 

An essential base-line for all questions of development can be 
constructed only by a review of the figures for the production, the 
movement and the consumption of each mineral. For the pro- 
duction and movement of minerals, the Mineral Resources Branch 
of the Imperial Institute collects the principal statistics. They 
do not always distinguish between varieties of the same mineral 
species, and from the point of view of technical industries, mineral 
varieties differ as much as mineral species from one another. 

Nor do statistics of the sort give the slightest hint of impending 
technical developments which affect the use, and therefore the 
prospective value, of mineral deposits. No official, or even officially- 
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supported, body can publish its views regarding the probable trend 
of any mineral industry. It is too heavily weighted with the sense tem} 


of responsibility ; ; and its pronouncements, therefore, must neces. petr 

sarily lag behind the times, just as a dictionary lags behind the In 

current vernacular of every language. prod 
The full published statistics of a body like the Imperial Institute agin 

can at latest cover the year before last. But it is obvious that the qual 

questions which we have in view are not of the kind that can be 

solved by means of Government statistics. The figures now col- that 


lected for the production of crude oil and for the movement of atte 
products are of value as a guide to the future only because of the as i 
circumstance that no field dries up suddenly ; nor is it probable ploy 
that new unforeseen supplies will arise suddenly in the Empire. adv 

There is no country in the world better provided with statistics I 
than the United States ; yet the two leading bodies connected with the 
mineral technology were not satisfied, and considered it necessary hon 
in 1920 to set up a Joint Committee to review the effects of the hitl 
mineral policy of America and the lessons learnt by the War. This this 
Committee, under the chairmanship of Prof. C. K. Leith, appointed Gor 
Sub-Committees for the intensive study of each important mineral, con 
one being devoted to Petroleum. The Sub-Committee for petroleum to! 
reported in 1923, and again in 1925, and its conclusions are worth the 
studying. I will refer to a few that seem to be specially sele 
important.* 1 

It is assumed that the sedimentary rocks of the United States gro 
should be regarded merely as samples of those which cover a large the 
part of the continental surface of the world. It is concluded Sul 
therefore that, “as the ultimate production of the United States inf 
is to the area of the sedimentary rocks of the United States, so the spe 
total oil production of the world is to the whole area of sedimentary Sp 
rocks of the world.” tak 

The Sub-Committee does not regard the enormous production of 
oil in America to be the mere result of its special endowment by the 
Nature, but they point to American temperament, American ‘ 
initiative, and the demands of their phenomenal industrial and social ha 
developments as important factors. — 

It follows from this line of reasoning that the natural supplies of ree 
petroleum in the United States are more nearly exhausted than in thr 


other countries. It is pointed out that Russia probably contains Un 
as much as, and probably more oil than, the United States, but its ine 
development has been delayed by unintelligent legislation. gre 

The Sub-Committee is of opinion that preferential duties, tariffs, — 


embargoes and bonuses must always in the long run react to the 





* “ International Control of Minerals,’ New York, 1925, pp. 87-103. 




















HOLLAND : PETROLEUM PROSPECTS OF THE EMPIRE. 623 


detriment of the nation which uses such fiscal medicines of 
temporary and local value. They are thus out for free trade in 
petroleum. 

In discussing the question of local refining in the country of 
production, the Sub-Committee points out the wisdom of encour- 
aging local operations, but these conclusions are hedged with some 
qualifications. 

The Sub-Committee supports the General Committee in urging 
that national aspirations should not be permitted to interfere with 
attempts by extra-nationals to exploit any country’s oil deposits, 
as it is no disadvantage to any State for foreign capital to be em- 
ployed in it during peace-time, whilst in times of war, there is an 
advantage in having a mineral field ready developed. 

It is evident that the Sub-Committee is looking to the time when 
the consumption in the United States will permanently outstrip 
home production, and oil companies will want more defigitely than 
hitherto to secure exploitation rights in other countries. Having 
this circumstance in view, the Sub-Committee urges the American 
Government to give its protection and support to an American 
company that wishes to enter a foreign field ; it even goes so far as 
to recommend that the Government should discriminate between 
the claims of rival American companies and then back what they 
select to be the right one. 1 

This international aspect of mineral questions seems to have 
grown in importance recently among American technologists ; for 
the recommendations of Prof. Leith’s Committee and associated 
Sub-Committees state in relatively sober language, and mainly by 
inference, a group of sentiments more openly expressed in a book of 
special articles published in 1920 under the editorship of Mr. J. E. 
Spurr, a distinguished mining geologist, whose views are always 
taken seriously. 

The following extracts will show the way in which the readers’ 
thoughts are there directed :— 

“Many nations, like England, France, Holland, Argentina, and Mexico, 
have taken steps looking toward a ial nationalisation of their petroleum 
resources, in order to protect ves _—~ foreign commercial aggression 
in this particular. land has gone farthest in this direction, and has 
reached and is reaching out aggressively into other countries to secure, 
through commercial control, backed where necessary by political pressure, 
a world empire of petroleum to serve her world-wide colonial empire. The 
United States, on the other hand, has dominated the world’s petroleum 
industry through her own vast resources, worked by interests which have 
grown without conscious governmental help or even in spite of governmental 
and popular opposition, and have reached out and secured footholds in other 
countries’ (p. 2). 

In a final chapter, significantly headed “ Who owns the Earth ¢” 
Mr. Spurr reviews the lessons indicated by the special studies of 
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the separate minerals, with a view of estimating their commercial 
and political control. He contrasts the British and American 
policies as follows :— 

“The imperial policy of expansion and increasing political control has 
become a tradition and an instinct with Great Britain ; she learned since the 
loss of her American colonies to give full ar array | to her more intelligent 
colonies, so that she strengthens her dominion thereby, and persistently 
goes on her way putting more and more of the earth under the British flag. 
The wealth and resources of the United States being so far greater than its 
necessities, foreign problems have resolved into occasional questions of self. 
protection ; and from this condition a directly resulting theory has sprung, 
of non-interference in the rest of the world.” 


It.is well “ to see oursels as ithers see us”; but one would feel 
much more comfortable as a Britisher if one could be certain 
that what appears to Americans to be successes in our foreign 
policy were the results of deliberate activity by our statesmen. 
More often the successful expansion of British commercial influence 
occurs in spite of the efforts of our political party leaders. 

Conditions in America have not so far been affected by those 
centrifugal forces which have for long impelled, and still impels, 
the Britisher to push out into the unknown. The prospecting 
spirit which characterises the individual, dominates also the British 
commercial firm. The American has hitherto had enough elbow- 
room in his own country, which has the double advantage of 
possessing minerals in great variety and sufficient quantity, dis- 
tributed over a wide area within which internal free trade is 
completely unhampered by fiscal hedges. 

Americans would be wise to remain happy with their natural 
good fortune; but Mr. Spurr and his collaborators seem to think 
that the apathy of the United States Government, contrasted 
with the active policy of some European powers, is developing 
into a national danger. Mr. J. D. Northrop, the author of the 
article on Petroleum, remarks* that : 


“Unless the United States adopt measures, such as Federal operation of 
the trunk pipe-lines, to limit the aggressions of foreign capital in this country, 
and erects a firm forward-looking governmental policy toward the protection 
of investments of its citizens m petroleum properties in other countries, 
particularly Latin-American countries, it may witness its commercial 
supremacy in petroleum affairs wane and ae. while it is yet the largest 
political contributor to the world’s supply of petroleum. 

“ As contrasted with the strongly nationalistic and deliberately aggressive 


governmental policy adopted by Great Britain, France, Holland and some 
other nations, the United States has never adopted any policy founded on 


recognition of the importance of political and commercial control of 
petroleum.” 





* Political and Commercial Geology, 1920, p. 18. 
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In reciting the mineral laws, which exclude foreigners from 
mining rights in British territory, Mr. Northrop accepts some 
well-distributed errors of fact. He states that: 

“In Burma a monopoly of the petroleum industry for 99 years was granted 
to the Burma Oil Company in 1865. This grant seems to have been inspired 
by fear of the Standard Oil Company of the United States, for the agreement 
between the company and the Government stipulates that the former shall 
not amalgamate with other oil companies.” 


The Burmah Oil Company was not in existence in 1865, and 
Upper Burma was not annexed till 20 years later; its annexation 
was not influenced by prospects of oil, which were then of no 
apparent importance. The Burmah Oil Company has not and 
never had any form of monopoly in Burma, and indeed whenever 
the local Government of Burma has displayed any independent 
initiative, it has been in the direction of hampering the enterprise 
of these pioneers who first discovered and developed the oil re- 
sources of Upper Burma. 

Mr. Northrop need not have undertaken an excursion to foreign 
lands to find Government action “ inspired by fear of the Standard 
Oil Company.” Whatever may have been the reasons for the 
action of the Government of India in showing a want of hos- 
pitality to a large foreign oil company, I cannot now discuss without 
danger of drawing on my memory of past official days; nor is it 

to do so ; for the advantages to the Standard Oil Company 
itself of the decision—whether through accident or political wisdom 
—has been shown by the blank results of subsequent prospecting 
operations in every possible oil-bearing part of the province outside 
the fields which were already occupied by other established oil 
companies when the Standard Oil Company showed an inclination 
to take up land in Burma. 

Anyone who knows the history of petroleum prospecting in 
Persia will remember that it was the personal enterprise of Mr. 
W. K. D’Arcy and his subsequent personal determination to keep 
his company, at any cost to himself, in British hands that made 
it possible for the Government afterwards to accept an investment 
that proved to be of national importance in the war. 

The investment of British capital in Persia and in so many other 
foreign oilfields of the world is in no way due to Government help, 
nor is it the product of Government policy; but it is the direct 
outcome of the very spirit that laid the foundation of American 
economic prosperity in the British colonies from which the United 
States have developed. 

However, these are by-products that fall outside the immediate 
purpose of this paper, which is to introduce a discussion, not to 
settle its merits. My object is to point out the nature of some of 
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the problems that might be worth consideration at the Congress; 
and the papers to be presented after this introduction give you 
four sketches from which you will be able to advise the Council 
whether the time is now suitable for proposing for any of the 
Dominions or Colonies unofficial Committees, commissioned to 
review the petroleum situation, as has been done with commend. 
ably patriotic fervour for the United States. 

The papers in any event will be available for discussion at the 
Congress, even if we decide or they agree that no further organised 
action is necessary at this stage; for all the papers which follow 
estimate the trend of development in special branches of petroleum 
technology. 

Sir Frederick Black takes a long view of the situation, and his 
cheerful estimate for the next decade or so helps one to accept Prof. 
Nash’s impression that the various schemes for obtaining oil substi- 
tutes from coal and other such rawmaterials have still many technical 
difficulties to get over, before we shall see liquid fuels on the market 
at prices to compete with the existing products of free petroleum. 

With an assurance of sufficient total supplies of crude oil for 
another decade and probably another generation at least, the 
problem of most immediate interest to the Dominions is that raised 
by Sir Frederick Black regarding the necessary movement of oil 
products. The streams of crude and refined products now cross one 
another on the ocean, and it is for each Dominion to estimate the 
possibility of any one of the streams being interrupted by war 
conditions or being diverted by new tariff conditions. 

Mr. McConnell Sanders reviews the refining capacity of the 
Empire as distinct from its capacity to produce crude oil. He shows 
that the total refining capacity is about sufficient to handle 7—8 
million tons of crude, divided as follows :—United Kingdom and 
Canada 2} million tons each, India 1} million tons, Sarawak and 
Trinidad about } million tons each. 

The total consumption of petroleum products in the British 
Empire, however, amounts to about 10-11 million tons, whilst its 
own output of crude oil is only about 3 million tons. Thus, the 
Empire is dependent on outside sources, not only for three-quarters 
of its normal requirements of petroleum products, but it has still 
insufficient refining capacity, even if it could be sure of getting a 
sufficient supply of crude. 

It is obvious that any estimate of this sort, limited to total 
capacity, is in itself insufficient, as it takes no account of the circum- 
stance that we should still want of certain products more than we 
should get by refining the total of 10-11 million tons of crude 
oil. Nor does it take into account the fact that our principal 
demand is in Great Britain, where the only visible sources of raw 
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material are oil-shale and some fractions of the coal family, neither of 
which for some years to come will be able to compete with crude oil. 

There are two comments that seem to be allowable on this broad 
statement of the position as it is now :— 

(1) Under normal conditions we must depend on outside sources 
for a seriously large part of our petroleum products ; for there 
seems little hope in the near future of turning our oil-shale 
and torbanite to account in quantity sufficient and with 
commercial profit to meet the growing demand for the various 
products of oil ; 

(2) The recent establishment of a large refinery in South Wales 
is a definite if still, qualitatively as well as quantitatively, 
insufficient contribution towards home stability; for 
obviously, if ocean communications were interrupted in any 
area, it is more likely that crude oil will still be obtained from 
another area than that any special product of the refinery will 
so be secured at will. 


(3) It is important to remember that in case of temporary isola- 
tion, even the Empire sources of crude oil may not be acces- 
sible. In any event, they would be quite insufficient even 
if they were available to the full, and thus the prospect of 
obtaining oil from materials other than crude free petroleum 
is one that is of special importance to Britain. Of the prob- 
lems of this class the utilisation of oil-shale is the most 
important, for this country and three of the great Dominions 
happen to have stocks in abundance. 


As regards two of these Dominions, Australia and South Africa, 
the oil problem is limited by reason of the fact that neither can 
count on a source of crude petroleum, whilst in Canada the question 
of developing the Alberta tar-sands will supplement the supplies of 
raw materials of other sorts. 

These points are referred to merely to indicate the desirability of 
leaving each Dominion to work out for itself the estimate of its own 
prospects and needs; and thus, although the call for special non- 
official “‘ watch ” committees for oil may not be as obviously neces- 
sary as for some other minerals, the case for local action is the same. 
No committee in this country, and no official organisation of any 
sort, here or anywhere else, can tackle the problems that we have in 
view ; the necessary mobility can be obtained only by freedom from 
responsibility for Government policy. But one result of the activity 
of non-official committees will be a reduced temptation to somno- 
lence by official organisations, and such local committees will have 
proved their value if, in this way, they are found in the near future 


to be no longer necessary. 








Economics of the Petroleum Situation in British Dominions, 


By Sir Freperick W. Brack, K.C.B., B.A. (Past-President), 


AN outline survey of the Economics of Petroleum in British 
Dominions resolves itself broadly into the consideration of how 
oil supply and demand are balanced at the present time, and 
whether, and how, and under what modifications, if any, that 
balance is likely to be maintained in the near future. Happily, 
however, this kind of survey does not necessarily involve the 
presentation of a complete balance sheet of prophecies and antici- 
pations. The most we can expect to do is to draw out, from 
available data, some few reasonable inferences as to the probable 
course of events in the field we are setting out to examine. For 
the rest we must depend for necessary action upon a continuity 
of vigilant watching and periodical reviewing of actual happenings 
and tendencies. Before we can set to work to examine the oil 
position of British Dominions we must look at some of the under- 
lying principles of an economic review of oil. We must also glance 
over the petroleum field generally and see what activities are 
afoot. Above all we must realize that the natural petroleum 
question is only a part, perhaps the most important for the 
moment, of a general fuel problem. Fortunately in the course 
of our survey, as we shall show later on, we shall meet with evidence 
of remarkable and encouraging activities and of attention to this 
problem in many branches of industry and invention, more or less 
directly associated with the production and utilization of petroleum. 

Economic surveys of the petroleum situation, sometimes from a 
world-wide standpoint and sometimes from that of a particular 
country or group of countries, have been made at fairly frequent 
intervals ever since the oil industry started upon its modern phase 
some sixty or seventy years ago. Such surveys have sometimes 
led to pessimism and almost to panic, and at other times to an 
equally unreasoning optimism and almost somnolent complacency. 
The happy mean is a sane optimism, tempered by eternal vigilance 
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and activity. This point may be put with high authority in words 
recently used by Sir John Cadman (chairman of the Anglo-Persian 
Oil Company), “ The history of the oil industry since its inception 
has been a story of steady progress, continually belying the constant 
stream of unfavourable prophecy.” For the most part it has been 
the probability or otherwise of the maintenance or increase of oil 







inions, 
















dent), J production that has received the largest measure of attention. 
Increasingly, as would be expected from the growing influence 

British B of the geologist in petroleum exploitation, estimates of the areas 
f how # that might prove oil-bearing have been made by geologists. Data 
>, and & thus furnished clearly rest on a more scientific, if less optimistic, 
, that & basis than those of the practical but non-scientific persons, who 
ppily, § would have undertaken, not without cheerfulness, the functions 
e the § of prognostication in the earlier periods of the development of the 
antici. § industry. Nevertheless even geological estimates have necessarily 
from § considerable limitations and are open to modification by other 
/bable § experts and sometimes to more than one interpretation. Geologists 
For § have not in all cases actually gone over the whole of the territories 
nuity § which they may include in the region of possible future oil fields. 
nings § It is true, as recently remarked by the Editor of an English Oil 
ne oil § Journal (Oil News), the world has now been to a very great extent 






“ criss-crossed "’ by the exploratory journeyings of geologists. 
When their estimates become available they are not infrequently 
subjected to modification by persons of experience in the oil 
industry, e.g., as to whether the areas are or should be limited to 
those where actual surface indications, seepages, etc., exist, or 
whether they do or should include all lands the underlying structures 
of which may be promising from an oil standpoint according to 
past experience, irrespective of surface indications. When, on 
considerations of this nature, the critic has decided whether the 
promising areas to which the geologist points need to be increased 
or decreased and in what ratios, there comes up this further 
question, viz., what average unit of supply per acre shall be taken 
for each typical area to reduce to barrels or tons the potential oil 
supplies of the total areas in question. Here again there is room 
for a choice of alternatives according to varying experience in many 
different fields. In times, as is often the case, when over-production 
is the predominating feature of the oil industry and new markets 
and uses, not necessarily the most efficient and economical, are 
being eagerly and hastily sought for flush production, price, at all 
times important, seems to be then the one great and governing 
factor. A low price for the product will probably be adopted to 


nder- 
lance 































630 BLACK: PETROLEUM SITUATION IN BRITISH DOMINIONS. 


attract the new customers and a reduced figure will be offered or 
“ posted” for crude to check new exploitation not immediately 
necessary. In the opposite state of things, viz., a shortage of 
production as compared with demand, a raising of prices of products 
and crude should check consumption of products on the one hand 
and normally, on the other hand, bring in additional supplies 
of crude to the pipe lines. But price is not always an all-powerful 
factor. Conceivably there might come a shortage which no 
reasonable raising of prices would make good and in such a case 
oil in the desired quantity might not be, as Carlyle said of sleep, 
“in the market at any quotation.’”” This we need hardly say is 
an extreme contingency, but it is essential that we should not 
exalt the price factor beyond what it can really accomplish. 
Fluctuations of price and supply may be steadied to a limited 
extent by storage of additional reserves. This is essential up to 
a point to keep refineries going and temporarily to meet the markets’ 
demands, but it is an expensive procedure and cannot be carried 
beyond a certain reasonable point which commercial experience 
and finance will tend to fix. In the classic instance, “ the leading 
reserve-storage case” of history so to speak, the great Egyptian 
administrator, Joseph, had practically only the one remedy to fall 
back upon, viz., the building of barns and the piling up of reserve 
stocks of grain, when, in the seven fat and prosperous years, he 
made provision against the seven lean years that foresight and 
special inspiration led him to expect. Here let us interject 
parenthetically that oil reserve stocks of to-day above ground 
provide more nearly for seven months’ demand than that of seven 
years. Joseph in Egypt took measures which probably astonished 
and perhaps moved to scorn the complacent people who were 
satisfied with the existing plenteous harvests, but were ready 
enough to benefit by their ruler’s foresight when the lean times 
came. We need not unduly labour this ancient and well-worn 
instance of the practical application of the laws of the so-called 
‘dismal science’’ of economics, long before that science had 
received a name or became the subject of treatises. The ‘ corn 
in Egypt” illustration does however help to suggest one or two 
further thoughts which may be not unworthy of a few moments’ 
attention. Joseph was dealing with something, viz., wheat, 
which was practically wholly a necessity of life, and not in certain 
cases a necessity and in others a luxury, as is the case, let us say 
with motor spirit, used almost as a necessity for industrial purposes, 
and also as a luxury, though sometimes a very reasonable one when 
ample supplies are available, for what is known as “ joy-riding,” 
which may be “health riding,’ in automobiles. In ordinary 
circumstances Government and peoples in most countries have 
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very strong and reasonable objections to “ sumptuary laws.” In 
war, or other serious national emergency, Governments, as in the 
late war, are compelled reluctantly to intervene either by direct 
order or by the educating of public opinion, in the direction of 
controlling the consumption of important commodities, of which 
oil is only one, in order to secure that supplies shall be used where 
the need is greatest. We may as well say at this point that it 
lies altogether beyond the scope of this paper to discuss or deal 
in any way with the action which the Government of any country 
may take, on grounds of national security against war, to store 
up beforehand reserves of oil or other minerals or munitions of 
any kind, or to enter into special commercial agreements and the 
like for such purposes. All that we need say from an economic 
standpoint is that the policy of any Government in such matters is 
obviously and necessarily influenced by the situation of the 
particular country in respect to the relative abundance or scarcity 
of such supplies or munitions within its own territory, or within 
its reasonable control in actual time of war. Further, since the 
economic situation in any given instance will not be created solely 
by nature but will be influenced by human skill and enterprise, 
the task of Government in preparing for national defence may 
be lightened or otherwise according to the extent to which such 
enterprise prevails. One or two other points which are sometimes 
met with in economic arguments relating to oil and other minerals 
or commodities may be briefly mentioned, although in so far as 
they have validity they lie outside the scope of pure economics. 
The first point is the right of a Government to limit the free 
exploitation of minerals, etc., in the interests of its own community, 
either in the present or to provide for the future when the needs 
of that community may be greater than at present. We shall 
not pretend to dogmatize on this point, especially as Governments 
will do what they think right for their own people in such matters, 
whatever arguments economists or business men may advance. 
In any case an economist can hardly object to the principle that 
8 country which has supplies of coal or oil or timber, etc., should 
exercise a reasonable discretion as to working and distribution, 
to secure to its own people some proper use of its own resources. 
The economic questions that will arise in such a case are more 
likely to be on points of detail as to fairness of price paid by the 
home consumer or whether Governmental action is unduly restric- 
tive of legitimate export trade. The regulation of the felling 
and replanting of forest trees may be carried out in a way that 
might cause complaint at the moment from merchants with a 
good market calling for supplies, but to an impartial observer, 
who saw that more economical substitutes were thereby called 
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into use and that the essential interests of consumers were bei 
met over a longer period ahead, it would probably appear that the 
action of the Government was in the truest sense ‘ economic ” 
and defensible on economic as well as other grounds. 

The second point is whether a country which exports its surpluses 
of timber, coal, oil or other natural products in time of abundance 
can be said to be establishing a thoral or preferential claim to draw 
on the resources of those other countries at a later date; on the 
ground that a benefit has been conferred which has enabled re. 
sources to be conserved that would otherwise have been drawn 
upon at an earlier date. This kind of argument is hardly to be 
treated very seriously, since trade is not as a rule conducted for 
philanthropic purposes but for reasonable commercial gain. Great 
Britain has not sent her coal world-wide for any other reason 
than because it has been profitable to her coal and shipping interests 
to do so. 

So far, then, apart from our incidental excursions into storage 
and other questions, we have seen something of the difficulty of 
making any estimate of future fresh production of oil that would 
be at all complete or afford anything more than a good general 
indication of potentialities—/.e., for any long period ahead. Even 
as regards wells already in production varying opinions have been 
expressed as to their probable life and output, either under natural 
gas pressure or by pumping or by the modern intensive methods 
of the “air lift,” ete. Obviously if we cannot say definitely, 
except for a limited period, what production may amount to, 
we have also many disturbing elements in any calculation of long 
distance requirements. For the near future, practical men can 
and do fairly balance up the probabilities and, subject to occasional 
errors, will arrive at working estimates on which they can base 
their production, purchase and sales. From the production 
figures we shall also get some idea of the difficulties of estimating 
consumption, for in the end production and consumption must 
approximately coincide. Looking at the world’s production of 
petroleum at various periods, we shall find that, neglecting the 
earlier years that immediately followed Col. Drake’s drilling at 
Titusville, Pennsylvania, in 1861, and taking the year 1880 as 

representing a period at which a substantial world trade in oil 
had been reached, we may usefully take note of the world’s pro- 
duction of crude petroleum oil at certain intervals since then. 
In the year 1880 the total did not much exceed 4 million tons. 
Ten years later it was over 10 millions, and by 1900, the practical 
beginning of the “ oil age ” (i.e., when internal combustion engines 
were influencing oil consumption), the figure exceeded 20 millions. 
At the beginning of the war the total was well over 50 millions, 
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and in the first year after the war had reached some 76 millions 
of tons. The next year, 1920, sent the total phenomenally to 
about 95 million tons. The 1926 figure was probably somewhere 
near 154 million tons, and 1927, according to a recent estimate 
by the editor of Oil News (London), may show only a moderate 
increase over 1926. The significant recent years and events are : 
1900, the beginning of the “oi! age”; the years immediately 
preceding and following the great war ; the coming in of Californian, 
Mexican and East Indian production on a large scale, and of the 
Persian fields; the fluctuation of Russian and Rumanian pro- 
duction, and recent developments in South America. British 
Dominions make but a modest show, principally India, Trinidad, 
Sarawak, Canada and Scottish shale-oil, amounting to a total of 
about 2} million tons in 1925, with a somewhat better showing 
on the whole in 1926 and prospect of further increase in 1927 to 
perhaps 2} million tons ; less than 2 per cent. of the world’s pro- 
duction. These figures relate purely to oil produced in actual 
British Dominions, excluding fields situated in other countries 
but worked wholly or partly by British enterprise. No oil prophet 
in 1900 would have ventured to predict that the world’s annual 
oil production a quarter of a century later would be seven or eight 
times as great as at the earlier date. Few people would be bold 
enough to-day to suggest any such ratio of increase over the next 
25 years. It is obvious that once consumption of a product has 
reached a point which is drawing near to what is called “ satura- 
tion ”’—4.e., to something like an average requirement for a given 
population, it is mainly to growth of population, apart from excep- 








tional developments, that we may look for guidance in respect 
of an increased requirement. This is certainly not the only test, 
as we shall see later on, nor an infallible one, but it yields at least 
some general guidance. Most authorities are agreed that the 
indications of the moment, and of the last year or two, point only 
to steady and moderate increases of output and consumption, 
and that supply, demand and price alike are more stable than 
they have been for a long time past. 

An interesting survey of the United States of America’s “ Supply 
and Demand ” of oil, looking fifty years ahead, was published in 
1925 on the basis of a report to the “ American Petroleum Institute.”’ 
Whilst, as already stated, reviews for shorter periods are essential, 
the long view is also instructive, though many anticipations are 
likely not to be realised. The report in question made no attempt 
to construct a prophetic balance-sheet of supply and demand, 
but gave data and factors showing tendencies of production, 
and possible interchanges in the relative uses of oil, coal, water- 
power, etc. A 50 per cent. increase of population and families 
2 
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in the United States over fifty years was allowed for, and the 
“ saturation point ” of motor vehicles was taken at one per family 
or about 27,000,000 in the near future. More economical uses 
of fuel from engine improvements were looked for as an important 
factor. The report is, in any case, a valuable indicator to the 
number of avenues that must be approached and explored in 
any balancing of supply and demand of petroleum over a term of 
years. 

As regards the general view taken recently by high authorities 
in the oil world as to the prospects of oil supplies continuing, it 
happens by a coincidence that we are in a position to quote two 
important utterances, delivered within a week of one another, 
the one in London on the 18th of January, 1927, by Sir John 
Cadman, the newly appointed Chairman of the Anglo Persian 
Oil Company, and the other, a week later, on the 25th of January, 
at Oil City, Pennsylvania, by Mr. George H. Jones, President of 
the Standard Oil Company of New Jersey, U.S.A. After scanning 
much oil literature for the purposes of this present paper, we can 
find no general pronouncements more weighty and at the same 
time more encouraging than these two, from which we extract 
or summarize the following passages, taking the two speeches 
in order of date. 

Sir John Cadman, in the course of an address to the “ Royal 
Colonial Institute,” London, on “ Oil from the Empire Point of 
View,” said: “It was reasonably safe to predict that the ‘ to- 
morrow’ of petroleum, using the word ‘ petroleum’ in its most 
comprehensive sense, would far outshine even the brilliance that 
to-day attended its achievements. Aviation, and particularly 
the adaptation of the airship and the all-metal aeroplane and 
flying-boat, would shortly herald the arrival of an important 
new stage in transport. Remarkable as might have been the 
marine use of oil during the last fifteen years, there were indications 
that by the development of new processes and of more economical 
methods they would shortly enter upon a much more scientific 
phase in the use of oil.” Sir John continued: “ What would be 
the ultimate fate of petroleum in relation, say, to the destiny of 
coal as a producer of power?” More than once he had recorded 
his convictions that, except within narrow limits, what had been 
called ‘the profound antagonism’ of coal and oil was really a 
profound illusion. Even at present the two were very largely 
complementary, and he expressed disagreement with the view 
that the revival of coal in this country would sound the death- 
knell of the other industry. He thought they would find, as time 
went on, that, except where coal possessed advantages in its 
natural state, it would tend to embrace and adapt the technical 
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processes already far advanced so far as petroleum was concerned. 
Again, processes still in the experimental stage might win through 
to proved success. Thus they would come to welcome the-dawn 
of a new era in which comparable oil products might well be 
obtained from coal as from natural oil. Under those circum- 
stances it would be possible for coal of the required characteristics 
—and by that he meant the great bulk of their potential coal 
production—to enter the refining plant in its solid form; by far 
the greater part of its calorific value and potential power would 
then be extracted and carried off in universally convenient liquid 
or gaseous form, leaving as a solid a residue of no heating value. 


Mr. G. H. Jones. We summarise the following from the report 
of Mr. Jones’ speech to the Chamber of Commerce, Oil City, Pa, 
on January 25, 1927, in the Oil and Gas Journal of February 3. 
Mr. Jones remarked that oil was almost as important as food. Will 
supplies of motor spirit continue to be available or will United 
States citizens, to whom automobiles have become part of their 
daily lives, have to learn to walk again? Anxious inquiries of 
this sort have been sounded throughout the existence of the United 
States oil industry, more insistently than ever during the last five 
years. From 1900 onwards the demand for motor spirit has more 
and more dominated the situation. Out of an annual throughput 
in U.S.A. refineries of 813 million barrels, 283 millions become 
gasoline (motor spirit); 360 millions gas and fuel oil; 63 millions 
kerosene ; 32 millions lubricating oils ; the remainder is assignable 
to asphalt, wax and other products and a margin of waste. The 
United States annual production of crude petroleum has risen to 
about 750 million barrels for the past three years. Exports have 
been 130 million barrels and imports 80 millions. Production in 
the U.S.A. has multiplied about ten times since 1900. The con- 
sumption of motor fuel in U.S.A. to-day is fifteen times what it was 
in 1913. Only revolutionary methods in refining and efficiency 
have made this record possible. Formerly only 30 per cent. of 
crude was turned into gasoline. Now the entire barrel of crude 
is potential gasoline, since refineries are able to turn heavy oils 
into the lighter product. After remarking on the present state 
of above-ground reserve stocks of oil, the increasing cost of crude 
oil production and the cost of giving a luxury service of motor 
spirit to customers, Mr. Jones referred to the fact that oil wells 
are often drilled on a particular field in greater number than is 
actually necessary to drain a given area, to meet “ off-setting ” 
requirements of leases and other conditions. He mentioned the 
recommendations of President Coolidge’s Commission on conserva- 
tion of oil and “ unit” operation of fields as compared with the 
222 
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competitive system. The U.S.A. has actually in sight 4,500 
million barrels of crude—say, six or seven years’ consumption, 
New reserves are being discovered very rapidly and such discoveries 
hitherto have not failed. Mr. Jones added : “ Two or three years 
ahead the industry should function normally. Ten years or even 
a generation ahead I believe there will be adequate supplies of 
motor fuel. Our well oil will continue to meet essential require. 
ments such as motor fuel and lubricants. I believe also it will 
remain the cheapest source of all these products. If in all this we 
are mistaken, if well oil fails or becomes an expensive supply . . . 
we are already in a position to make motor fuel from oil shale and 
coal. . . . There is little possibility of our supply failing. . . . Well 
oil supplies cannot fail suddenly . . . when the supply does begin 
to dwindle, as eventually it must, the decrease will be extremely 
gradual and other motor fuels will come into the market to supple. 
ment the gasolene supply.” 

One other American opinion, from an address delivered at 
Eldorado, Arkansas, U.S.A., as long ago as April, 1926, by a 
practical engineer (Mr. Earl Oliver) may be briefly cited (from 
Oil Trade, New York, February, 1927). Mr. Oliver, after referring 
to the opinions of philosophers and political economists on the 
functions of Government, said: “ Efficiency like morality cannot 
be legislated into being. . . . Twenty years ago we used no science 
(on the oil field), now we are applying the accumulated wisdom 
of the ages. . . . There is, I believe, no immediate serious danger 
threatening either the petroleum industry or the nation in respect 
to these resources, and yet it is only the part of wisdom so to con 
duct its business as to reduce the possibility of danger.” Mr. 
Oliver went on to refer to the question much discussed in the U.S.A. 
as to “ unit operation ’’ compared with competitive wells, and also 
to more efficient methods of extraction of oil from the wells, 
such as “air, gas and water drives” and retention of gas 
pressure. 

The opinions we have cited are of a generally reassuring nature, 
but they agree in regarding the oil problem as needing constant 
vigilance and to be approached by many methods. Sir John 
Cadman’s reference to “ the use of the word petroleum in its most 
comprehensive form ’’—i.e., to include coal-oil and shale-oil as 
well, goes to the root of the matter, and both he and the President 
of the Standard Oil Company of New Jersey agree with other 
experts in looking to the possibility, however far ahead, of solid 
materials being made to provide liquid fuels when Nature's direct 
supplies of liquid oil begin gradually to dwindle. There seems 4 
reasonable expectation, therefore, that with due vigilance, time 
and opportunity will be available for the gradual adjustment 
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between the several branches of the oil problem as necessity arises. 
The probability is apparently that :— 

(a2) Motor spirit can be ultimately “taken care of” if necessary 
in whole or part by shale and coal derivatives, plus perhaps a 
proportion of “ power alcohol” from molasses and other tropical 
products. 

(b) Lubricating oil will probably be obtainable from natural 
petroleum for a time and later from shale. 

(c) Heavy fuel oils will presumably be largely replaced by coal 
substitutes either in liquid, gaseous or solid-lump or pulverised 
form. 

(d) In any case electricity produced by water power or by cheap 
coal near the pit’s mouth will tend to economy of oil and fuel 
generally. 


It lies outside the province of the economist to describe the 
scientific, engineering and other technical problems involved ; 
these matters will be dealt with in other papers by experts on those 
subjects. The economist’s concern is: Can demand be met by 
supply ¢ He therefore watches with interest the competition of 
various products to find their relative places in the market by 
virtue of quality, quantity and price. 

Many writers and speakers have described what the world would 
be like if it were suddenly to be bereft of oil. Happily, according 
to the experts, we need not contemplate quite so serious a 
catastrophe as that. Nevertheless, even a partial and temporary 
failure would sufficiently tax our resourcefulness ; we should be 
crippled at least and less efficient, though we should struggle on, 
like the hero in the ancient battle of Chevy Chase, who, “ when his 
legs were hewn in two, still kneeled and fought on knee.” Lubricat- 
ing oil for machinery in ships and factories, motor spirit for essential 
services, with temporary restriction of luxury uses, and fuel for 
engines of Diesel type would have to be the objects of first attention. 

Our rambling survey has now given us some idea of the total 
production of petroleum, and has shown incidentally that Great 
Britain’s direct contribution to the world’s supplies, though 
happily increasing, is but a modest one, less in fact as already 
stated than two per cent. of the total. We may next glance at 
the geographical distribution of the principal oil-fields and then 
make some approximate comparison of that situation with the 
geography of oil consumption, more particularly in British 
dominions. One of the oil problems of the war was the saving 
of transport, including the voyages of oil-carrying vessels (tankers), 
and much attention was given to the practicability of making 
supplies of oil, etc., from nearer sources than those from which 
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in some cases they were usually drawn. At normal times, manifold 
reasons of grade and quality, old established trade, return cargoes, 
etc., account for what, on a superficial view, might seem unneces. 
sarily ‘long hauls.’ Oil from the U.S.A., from the Dutch East 
Indies, from Persia, and other great fields, finds its way not only 
to domestic and near-by markets as one would naturally expect, 
but far beyond. One may light upon a barrel of American 
Kerosine in a shop in a remote village of China, India or Jugo. 
Slavia, or find stocks of American lubricating oil available for ships 
in the seaports of the world, far remote from its place of origin. 
Similarly, coal supplies from Great Britain, U.S.A., India, South 
Africa, and Australia are to be found wide-spread for bunkering 
and other purposes. A few years ago Canada regularly sent supplies 
of coal to San Francisco; later on Canada received oil from 
California. The President of the Standard Oil Company of New 
Jersey, in the speech referred to above, mentioned that the U.S.A. 
is not only, as all the world knows, the greatest oil producing and 
oil consuming country, to the extent of about 70 per cent. of the 
world’s total, but it also both imports and exports petroleum 
in considerable quantities. And, in present circumstances, it is 
for the general benefit not only of American trade but of the world’s 
oil-consumers that this should be the case. A few years ago the 
U.S.A. made use of her own oils to a very large extent for heavy 
fuel as well as for the lighter fractions. To-day America, more 
profitably for herself and the world, imports crude oil from Mexico 
and elsewhere for heavy fuel and uses most of her own lighter 
grades to produce a greater quantity of motor spirit, etc. We 
may naturally find the same situation prevailing to some extent, 
but in lesser degree in respect of the world’s oil-fields generally. 
There has been a growing tendency in recent years for crude oil 
to be transported considerable distances by pipe line on land or 
by sea voyages, long or short, in tankers to refineries situated 
near great markets, as compared with the older practice (which 
still largely prevails) of refining in the neighbourhood of the oil 
field or of ports comparatively near by. 

Very approximately the world’s oil production in 1926 occurred 
geographically as follows :— 


Tons. 
American Continent (i.e., U.S.A., Canada, Central and 
South America and West Indies) ’ -- 130,030,000 
Europe (mainly Russia, Rumania and Galicia) ie 13,000,000 
Africa (practically Egypt only) ° 170,000 
Asia and Australasia (principally India, Persia, Dutch 
East Indies, Sarawak and Japan) oe Bia 10,800,000 
Total Tons.. 154,000,000 
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The following table shows recent progress in oil production in 
British Dominions (in long tons), including shale-oil, but excluding 
Trinidad Asphalt :— 











1924 1925 1926 
United Kingdom .. 208,269 .. 229,668 .. 197,463 
Canada as a 24,310 - 22,968 .. 45,465 
Trinidad .. - 435,839 .. 579,916 .. 637,423 
India “a bs BEE ves 1,202,333 .. 1,195,779 
Sarawak .. Se 550,704 “a 595,115 aes 603,870 
Total (long tons) 2,420,000 2,630,000 2,680,000 


On the subject of oil statistics, particularly of production, we 
may here remark that there is great lack of uniformity in the 
denominations of quantity that are adopted by various compilers. 
Crude and heavy oils are usually stated in barrels, which are often 
converted to tons by a very approximate number of barrels per 
ton. Confusion arises also from the employment of metric tons 
in some cases and “ long” tons in others. The two tonnages are 
sometimes found together in the one statement, where more than 
one source of origin is involved. Refined products are frequently 
expressed in gallons and here again tonnage may be deduced by 
exact or merely by average methods. Fortunately for our present 
purpose where we are only concerned in broad comparative results, 
a few inconsistencies of this nature do not affect any main argument 
or general conclusion. 

When we come to look at figures relating to the oil consumption 
of particular countries per head of population we shall be struck by 
the very wide divergencies thus exhibited. The U.S.A., for example, 
probably consumes seven or eight times as much petroleum per 
head of population as, let us say, Great Britain or Australia, and 
naturally far more per head than is the case with great agricultural 
and village populations such as those of India and China. For 
our present purpose it is hardly necessary to analyse in any detail 
the reasons for such divergencies, but a few of the principal 
general considerations leading to a greater or less consumption 
of petroleum products per head of population may be stated. 
Whilst the actual comparative percentages at any moment are 
relatively unimportant, the more or less permanent underlying 
conditions, on the one hand, and the tendencies towards changes 
and developments on the other hand, must necessarily be taken 
into account in any consideration of the probable increase of oil 
consumption in any particular country. It goes without saying 
that in a highly developed country, however widely distributed 
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over the world some portion of its fuel production may be, the 
main consumption will be at home—e.g., as in the case of coal in 
Great Britain, oil and coal in U.S.A., etc. America having large 
supplies of both oil and coal naturally uses either according to 
relative cost, efficiency and accessibility, and may change over 
from .one to the other, where such changes are practicable and 
advantageous. Accessibility to an advantageous type of fuel is 
the first consideration. We need not be surprised, therefore, to 
find that out of a world’s total of motor vehicles, estimated on 
January Ist, 1926, at upwards of 26 millions, the U.S.A. owned 
more than 20 millions, Great Britain 1} millions, Canada three. 
quarters of a million, Australia about 350,000, India 83,000, the 
Dutch East Indies 45,000, ete. Great Britain leads the way, 
however, in “ motor cycles,” for reasons perhaps of their economy 
of fuel as compared with motor-cars, also the distribution of its 
urban and suburban population and the generally excellent state 
of its roads, ete. Great Britain still uses some 20,000 steam- 
propelled vehicles (of the heavy type) on the roads, and there is 
no reason why she should not continue to do so. The Chinese 
and Indian coolies respectively will continue for a long time to 
come to use their bullock carts, wheelbarrows and “ rickshaws.” 
Nor has the horse in any country yet joined the “ Dodo ”’ in the 
limbo of extinction. Available railways and tramways, variously 
propelled, the condition and extent of roads, water power, dis- 
tribution of population as between town and country, electrical 
developments, are all factors in our problem. Where there is a 
great network of railways in a developed country there is less 
need for motor transport ; though in many such countries there is 
already considerable competition between rail and road, and 
motor vehicles are likely to be used to some extent to the possible 
delay of railway extensions. This is also the case in such countries 
as Irak and Persia, where with limited railways, motor transport 
has superseded to some extent the more ancient camel and mule 
caravans, and will continue in use even when railways, which 
will almost certainly run on local oil, are much more developed 
than at present. Powerful six-wheel motor vehicles for passengers 
regularly traverse the desert routes from Damascus to Bagdad, 
and from Algiers and Tunis far down into the Sahara. More and 
more ubiquitous, therefore, will the motor vehicle and the aeroplane 
tend to become, and in many cases we must expect to find for a 
long timne yet that the growth of population will not be the only 
criterion of the increased use of petroleum. Nevertheless, let us 
see what sort of population figures we have to deal with in British 
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dominions. The population figures in 1921 were approximately 
as follows :— 


I. Great Britain, Ireland (North and South), 


Gibraltar and Malta 47,600,000 

Il. Canada, Newfoundland, West Indies, "British 
Guiana and British Honduras... 11,150,000 

III. India, Ceylon, Singapore, Malay States, Hong 
Kong, Sarawak and Cyprus 332,650,000 

IV. Africa (South, East, West and Central, excluding 
Egypt), Zanzibar and Mauritius .. 50,400,000 

V. Australia, New Zealand, Fiji. — and British 
New Guinea .. oe 7,800,000 
Total (population) .. +s ai 449,600,000 


The rate of increase of the numbers of the people is very variable 
in different parts of the British Dominions. In India, for example, 
the increase in ten years, from 1911 to 1921, was about 1 per cent. 
—viz., 315,156,396 to 318,942,480. In England and Wales the 
increase in decennial periods before the war was variable but 
ranged around 12 per cent. In Canada the increase, between 
1911 and 1921, was about 17 or 18 per cent. We need not stop 
to consider in connection with oil, as our standard economists 
used to do with respect to food supply, what limitation population 
might have to impose upon itself. That will be settled by food 
supply and other considerations. 

We may now proceed to calculate approximately the oil con- 
sumption of British Dominions from such statistics of imports, 
exports and local production as are available. For this purpose 
we may group the British Dominions geographically on the same 
lines as in the “ population ’’ table given above. A rough estimate 
of consumption of oil products gives the following results :— 





Tons. 

I. Great Britain, Ireland, etc. : .. 6,370,000 

li. Canada, Newfoundland, West Indies, ete. .. 2,470,000 
Ill. India, Ceylon, Malay States, Hong Kong, 

Sarawak, etc. .. .. 2,660,000 

IV. Africa (British), Zanzibar, Mauritius, ete, ée 250,000 

V. Australia, New Zealand, Fiji, etc. 3 -. 1,000,000 

Total Tons 3 as. $< .. 12,750,000 


These figures in some cases include asphalt, pitch, wax, etc. At 
the time of writing (March Ist, 1927) it is not practicable to take 
out all the figures up to December 3lst, 1926. That year has 
been taken for Great Britain and Canada, and 1925 for the other 
groups. The remark already made as to the approximate nature 
of oil statistics applies also at this stage, as there are divergencies 
of method in compilation in different countries and in converting 
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from gallons to tons. In arriving at a “ consumption” figure, 
allowance has been made where necessary for the proportion of 
local products used in the country of origin. The imports into 
Great Britain include about 2,000,000 tons of crude oil, mostly 
from Persia for refining. Great Britain’s supplies of “ bunker 
oil” to shipping at her ports amount to nearly one million tons 
per annum. Such supplies are, of course, not wholly for British 
ships. For our main purpose of reviewing oil requirements of 
British Dominions in total we have put together all types of 
products. It may be useful, however, to note in the case of one 
group, say, No. I. (the largest consumer), by way of illustration, 
how the total is divided over the different kinds of product. We 
therefore give for that group the imports of all kinds in gallons. 
Imports into Great Britain of petroleum products in 1925 and 
1926 (as given in London Petroleum Times, January 15th, 1927) :— 








1926. 1925. 
Product. Gallons. Gallons. 
Lighting oil - e ‘a 201,950,966 141,649,425 
Motor spirit ant ae ra 562,176,619 404,834,226 
Lubricating oil .. a oe 91,810,250 84,361,784 
Gas oil .. “ oe ‘“ 117,042,798 72,652,528 
Fuel oil .. ow - as 398,443,393 334,489,850 
Crude oil .. a a és 538,239,606 569,082,169 
Other sorts on Sk od 3,272,324 6,231,383 
Total imports (gallons). . -. 1,912,935,956 1,613,301,365 
Total value of imports. . é0 £46,795,161 £39,512,451 
Total exports (gallons) .. ail 168,435,455 129,593,938 


Excluding re-exports.* 





, 


* The total “imports” given above are “gross.” To arrive at the 
“net” figure, the “re-exports” should be deducted, amounting in 1926 
for all products to 31,554,492 gallons, and in 1925 to 62,968,313 gallons. 


Ten years earlier the total import was in the neighbourhood of 
450,000,000 gallons, but by 1918 the figure had already reached 
1,300,000,000 gallons. The imports of oil products into Great 
Britain in 1926 were increased considerably through the coal strike. 
A detailed study of the movements of oil across the seas from sources 
of supply to various consuming centres is hardly necessary for 
our present purpose, but we may glance at the general position. 
There is, of course, a considerable movement of oil coastwise for 
the whole of the American Continent on both the Pacific and the 
Atlantic sea-boards, from South America and Mexico to the U.S.A. 
and to some extent to Canada; also from U.S.A. Gulf ports to 
New York and other centres. Westward, products of a consider- 
able tonnage find their way from the U.S.A. to Japan, China, 
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Australia, New Zealand and India. Eastward, the flow is from 
North and South America, Mexico and Trinidad to Europe and to 
some parts of Africa and Asia. Trinidad sends asphaltic material 
also to the American markets. Persian oil finds its way to local 
and eastern markets, also to Great Britain and to some extent 
to other parts of the Continent of Europe as well as to Mediterranean 
ports. The Dutch East Indian production also has its markets 
locally as well as in India, China, Australia, Africa and Europe. 
As is well known, crude oils vary greatly in character and in their 
yield of different types of refined products. Consequently, some 
part of the needs of a particular market must often be met from a 
distance. The development of production in Asiatic fields is likely 
to effect some gradual reduction in the “long hauls.”’ We can, 
however, hardly contemplate in the near future anything approach- 
ing a complete balancing of supply and demand in any particular 
geographical area outside, perhaps, of the American Continent 
taken as a whole. A little farther ahead, as we shall show pre- 
sently, we may draw nearer to a local balancing of supply and 
demand. Great Britain, India, Australia, New Zealand and Africa 
draw upon most of the big oilfields of the world, whilst Canada 
naturally completes her demand from other parts of the American 
Continent. The extent to which supplies of solid oil-bearing 
material may be available in British Dominions, and the degree 
of progress that has been made to date, scientifically and techni- 
cally, in the processes of extracting oil from coal, etc., will be fully 
treated in other papers that will be laid before the Congress. Subject 
to what those papers may tell us, we may assume the availability 
of considerable raw material in British Dominions. Experience 
with some extraction processes indicates that successful working 
on a commercial basis may be confidently anticipated. In other 
instances time will be needed to show whether what is practicable 
on the laboratory scale will be also possible commercially. On 
the whole the review of progress is of a distinctly encouraging 
character. The subject is one not likely to be neglected either by 
commercial interests or by scientific and technical experts. Our 
own Institution of Petroleum Technologists does its part in keeping 
the subject to the front. Birmingham University and the British 
Government’s Fuel Research Laboratory deserve honourable 
mention for the work they have done and the manner in which 
they have kept abreast of developments. In all probability the 
natural petroleum supply has not yet reached its zenith, and 
will therefore for some time to come “take care” of demand 
on the present scale plus some proportion at least of the world’s 
increased requirement for fuel products in liquid form—+.e., leaving 
out of account any increase in the use of solid fue) or gas, water 
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power, etc. The balance of any increased demand for liquid fuels 
beyond what natural petrolem may be able to meet, will require 
to be provided from shale-oil, or coal derivatives, the latter being 
obtained by either low-temperature carbonisation, hydrogenation 
or other processes. In so far as actual need in the market develops 
for shale and coal products, they must come in on an economical 
basis and gradually become more remunerative as their costs of 
production are reduced by working on a larger scale and with 
improved methods. Shale-oil products are of course no new 
feature in the market, the Scottish industry having had a longer 
life than natural petroleum—i.e., in its modern phase. Australia 
and Canada on varying scales have experimented with production 
of that nature, but the time has not been quite ripe for much success. 
The experience gained will be valuable, however, in the situation 
which may arise later. We shall have to prepare beforehand, 
as America appears to be doing, in order to turn to such sources 
of supply when economic pressure necessitates. The price problem 
of the shale industry, in its competition with natural petroleum, 
often or perhaps usually, has lain in the marketing, profitably or 
otherwise, of its bye-products. Low-temperature carbonisation 
of coal has to contend with problems of working costs, varying 
for different grades of coal. One of the problems of this process 
is the profitable disposing of solid semi-coke residues. It would 
obviously be uneconomical to produce a certain quantity of liquid 
fuel, if in consequence a vast tonnage of solid fuel were left on 
hand as a drug in the market. Hydrogenation or Berginisation 
processes will have to contend at the outset with working costs 
for plant, etc. If success is achieved in reducing coal to liquid 
and gaseous form with only a small percentage of solid residue, 
the next economic stage will be to see whether the cost of refining 
the liquid will present more difficulty and therefore be more costly 
than that of natural petroleum. All these considerations point 
to the possibility of natural petroleum continuing for some time 
at least to have the more remunerative share of the market when 
liquid fuel from other sources comes in as well. On the other hand, 
the costs of production of natural petroleum, as pointed out by 
the President of the Standard Oil Company of New Jersey and by 
others, are greatly on the increase. Colonel Drake in 1861 “ struck 
oil”’ at 69 feet. To-day the world’s large production is coming 
from wells of varying depths, perhaps on an average from 1500 ft. 
to 4000 ft., necessitating obviously much expense for drilling work, 
casing, drilling tools and control equipment. Oil experts are 
looking to the possibility of quite a number of wells at 5000 ft. or 
thereabouts. As is well known America already has a few wells 
deeper than 7000 feet. In California, according to recent reports, 
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there is one well drilled down to 8000 ft. at a cost stated to exceed 
£30,000, without assured production yet being obtained. Obviously 
increases of this kind in the cost of the winning of natural petroleum, 
unless balanced by great production and high grade of oil, may 
tend to some extent to even up the competition with oil derived 
from shale and coal by the process of retorting, hydrogenation or 
other intensive methods. Time will show. 

A question of very deep interest to every large oil-consuming, 
or more generally fuel-consuming, country or group of countries 
such as those that form the British Empire, is whether the separate 
units or the aggregate of units can be made self-supporting. As 
we have seen, this does not happen at present owing to the fact that 
oil of varying qualities has not been placed by Nature in all cases 
near to where great centres of population have arisen. The near 
future of oil distribution is not likely to render the several parts 
of the British Empire absolutely self-contained. Let us take 
comfort ; our ships and our sailors will play their part in transport 
to enable the oil industry to sort out and distribute its goods to 
its far-flung consumers. In our ancient “corn in Egypt” illus- 
tration, the Governor of the country had to deal with his problem 
as a self-contained one. He had to dispense some part of his 
hoarded reserves to meet the requirements of the famine-stricken 
area of Syria, but there was no assured source of supply to which 
Egypt could have recourse from any near-by country with more 
equable rain-fall or less dependent on the regular recurrence of a 
fertilising river flood. Nor presumably had the administrator 
at his command what civilisation has since provided—viz., an 
abundance of technical talent for the construction of river dams 
and the development of irrigation. Had there been either neigh- 
bouring supplies to draw upon, or the possibility that technical 
skill and enterprise might reduce the period of lean years, the wheat 
shortage would have been met, not by one method only, but by 
three at least—viz., storage, import and the stimulating of home 
supplies. By these methods, then, and particularly the two latter, 
will the oil and fuel problems of British Dominions as of other 
countries continue to be met. We have referred already to the 
many agencies and activities—commercial, scientific and technical— 
that are at work on this problem throughout the world. 

Turning back to the problem propounded in the first paragraph 
of our paper, we have now seen that on an economic basis British 
Dominions, to-day, in face of their petroleum demand of about 
13,000,000 tons, or probably more, if we could get all figures up 
to date, possess a home production of nearly 3,000,000 tons, not 
all of which is used in British Dominions. Out of the balance of 
ten millions, a considerable contribution is provided from enter- 
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prises more or less controlled by British organisations in other 
countries. The balance is met from the world’s large oil fields 
generally. All this involves many voyages of tank steamers to 
give each consuming unit the proportion of the particular products 
required. Now as to the future, much as we dislike anticipations 
of too hypothetical and speculative a character, let us assume 
that twenty years hence the British Empire demand may have 
increased to, say, 15 or 16 million tons of liquid petroleum pro. 
ducts. If we suppose, and this is a leap in the dark as well as 
improbable, that in the course of twenty years the world’s natural 
petroleum supplies may have dwindled to very modest dimensions, 
each great consuming country in the world will be doing its best 
to meet its own requirements from self-contained resources of coal, 
shale, recourse to water-power, etc. What, then? The British 
Dominions, having great resources of coal and shale in Canada, 
Australia and South Africa, and coal with moderate shale beds in 
Great Britain, would have to convert annually perhaps 150 million 
tons of coal and shale into liquids, gases and solid residues. We 
may assume, as America does in her own case, that our resources 
of solid materials would meet this demand for a long time to come. 
We should still have some oversea transport of oil products, but 
each main unit of the British Empire would be to a greater extent 
self-supporting in this respect than is the case to-day, though possi- 
bly on a higher level of market prices. Natural petroleum, not- 
withstanding all the “ long hauls”’ we have spoken of, has great 
advantages which we may hope and believe will continue to be 
available. The period of their enjoyment will be prolonged in 
proportion as we use such resources wisely and without extravagance. 
This is not the only occasion on which the present writer has had 
the privilege of drawing attention to this subject. In his review 
of “ Oil Problems of the War,” in April, 1919, as the then President 
of the “ Institution of Petroleum Technologists,” he summed up 
the opinions of oil experts, with whom he had been in contact on 
both sides of the Atlantic, and he returned to the subject a year 
or two later, in Brassey's Naval and Shipping Annual, 1921-22, 
Chapter XIV., ‘‘ The World’s Resources of Petroleum Fuel Oil.” 
The principal points emphasized on those two occasions were :— 

(1) Expectation of a large increase of demand. (2) Prospect of 
meeting demand by supplies of natural oil. (3) Economy in use 
and avoidance of waste. (4) Development of coal, shale and 
vegetable oil products. (5) Great field for scientific and technical 
skill and co-operation between producers and users of fuel, engine 
designers, etc. 

That many activities are at work that will ultimately solve the 
fuel problem is evident, also the best results will be obtained by 
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the continued co-operation of commercial, scientific and technical 
forces. But Governments, especially so long as the nightmare 
of possible warfare disturbs their rest, will keep a watchful eye on 
their own situation of preparedness in this matter and the utilisation 
of alternative supplies. 

Every nation has its informal intelligence department, not 
necessarily in the Government sense, but in the vigilance, enter- 

ise and co-operation of its citizens. Mining industries in general 
and not oil alone are rich in this—viz., that they require for success 
an array of co-ordinated talent, scientific, technical and commercial. 
The discoverers of the earth’s mineral resources are necessarily 
travellers and of an enterprising type. They have to go far and 
wide as practical men of affairs, with eyes wide open and alert, 
receptive minds. Much of the general scientific and technical 
knowledge and experience which they gather is used not only for 
commercial enterprise, but also becomes eventually, through 
scientific institutions, etc., part of the world’s common stock. 
If there were “‘ seers” specially inspired in ancient days, there are 
ina very real and practical sense ‘‘ seers ’’ to-day, pursuing research, 
exploration and invention both for enterprise and discovery’s sake, 
and also for industrial progress. The results are already con- 
siderable. A glance at the technical literature that will be before 
the Congress, or is available in publications by the Governments 
of British Dominions or by scientific societies and commercial 
organisations, is encouraging. Particularly one might mention 
by way of typical illustration some of the Canadian and Australian 
reports on coal resources, water-power, etc. The Congress will 
no doubt consider many ways and means by which in the several 
British Dominions, preferably by voluntary and unofficial effort, 
there may be brought together, focussed and co-ordinated from 
time to time, even more fully than at present, for the benefit of 
commercial enterprise or the informing of Governments, the know- 
ledge and experience that our explorers, scientists, engineers and 
many others are daily acquiring whilst going about their ordinary 
activities in various parts of the world. 

We have spoken above of “ solving the fuel problem.” In a 
sense no final solution will probably take place. All that is likely 
to happen is that the difficulties appertaining to finding an adequate 
supply of the various fuels that are in vogue or needed in given 
circumstances will be surmounted by various means for the time 
being ; opening up a vista of new problems requiring fresh research 
and enterprise. A generation or two ago British writers on econo- 
mics were much exercised over the possible early exhaustion of 
coal supplies. Subsequent investigations and discoveries have 
shown that coal exists in far greater abundance and more widely 
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distributed than was then supposed. Nevertheless supplies of coal 
are not inexhaustible and in some countries will have to be won 
at greater cost from deeper sinkings. But there is enough: for 
many generations to come, and in the interval scientific research 
will still be at work and mining congresses will not lack subjects 
for discussion. In the case of oil, men of science are only now begin. 
ning to investigate the conditions under which it has been produced 
in Nature, and to take observations to find out, if possible, whether 
Nature has ceased its productive activities or not in that connection. 
Meantime, as we have seen, it is to the derivatives of coal and 
shales that experts are looking for fuel if natural petroleum ulti. 
mately proves inadequate. Generally speaking, whilst we are 
bound to make prudent provision reasonably far ahead against 
possible catastrophe, and not to penalise our own or later 
generations by extravagance and waste, it is possible to be over 
anxious about problems which posterity may be better equipped 
than ourselves to deal with. Wood, coal and oil still play their 
respective parts. We need not speculate here upon possibilities 
hardly yet dreamt of in the development of natural forces for heat 
and propulsion. 

Oil may at least claim this—viz., that it will have served the 
world with high efficiency and pointed the way to coal being 
utilised in more economical fashion than by the combustion of a 
raw material in the solid state. No need can yet be foreseen for 
literary skill to employ itself in writing an epitaph for the age of 
oil. 

The author of this paper desires to acknowledge his obligations 
to the High Commissioners and Agents-General of British Dominions, 
to the Institution of Petroleum Technologists and the Imperial 
Mineral Resources Bureau for valuable statistical information. 
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Progress and Prospects of Production. 


By E. H. Cunnrycuam-Craic, B.A., F.RS.E., F.GS. 
(Member). 


To make any estimate of what production of oil could be obtained 
from sources within the Empire is obviously a very difficult task, 
especially when so much of the most promising areas has been 
merely explored but not exploited, but fortunately a great mass 
of data is available, and it should be possible to give some idea 
of the possibilities of production from each field for the next few 
years. 
For this purpose the various areas may be divided into :— 

A. Producing fields. 

B. Oilfields or supposed oilfields prospected but not producing. 

C. Fields containing retortable material. 


A.—Propvuctne OILFIELDs. 


The list of producing oilfields is a short one, as follows :— 

(1) Burma.—This country has been worked successfully for 
petroleum since 1886, and produces a paraffin-base oil of very high 
quality. There are seven separate fields that are at present being 
worked, but of these only two are giving large productions. It does 
not appear probable that any new field will be discovered, though . 
active prospecting is in operation, and there are some localities still 
to be tested. 

Production for the whole country has probably reached, if not 
passed, its peak. It should, however, be possible to maintain 
a large production for many years to come. 

(2) Assam.—This province has been producing oil for many years, 
but the production has only recently become important, The oil 
is of good quality and contains a high percentage of paraffin waxes, 


several new presumed fields are being prospected, and some are 
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being tested with the drill. It is to be hoped that production 
will increase gradually and steadily as it is required, and if several 
new areas are found to contain oil in commercial quantity, there 
may be a considerable increase in the output of the province, 
On this point it is impossible to make any definite statement. 

(3) Punjaub.—In spite of much intensive prospecting and the 
testing of several areas by experimental drilling, only one producing 
field has been proved, and there seems to be very little prospect of 
further discoveries. 

Production is small, and is not likely to be increased to much 
greater proportions. The total production for India is at present 
about 1,100,000 tons. 

(4) Trinidad.—This Colony has established its position as the 
second most prolific source of petroleum in the Empire. The pro. 
duction has steadily increased to upwards of 650,000 tons per 
annum, and there is every prospect of the increase continuing. One 
estimate puts the last year’s production as high as 800,000 tons, 
A large part of the western districts of the Island is now proved oil- 
bearing land, but there are still many localities in the southern and 
central districts where no organised attempt has yet been made to 
test promising geological structures. Furthermore, no really deep 
drilling has been undertaken, even in the proved fields. The latest 
results of experimental drilling give promise of several new fields 
being developed successfully. 

Many different qualities of petroleum are obtained, from a heavy 
and sulphurous asphaltic type to a light paraffin-base oil. By far 
the greater bulk of the oil at present obtained is asphaltic, but it is 
frequently of fairly low specific gravity, containing good per- 
centages of light oils. 

Taking everything into consideration, the Colony can be counted 
upon for a production of about 700,000 tons per annum for many 
years to come, and it is quite probable that an increase to one 
million tons will be attained with deeper drilling and the opening 
up of new fields. 

(5) Sarawak.—The production of petroleum is at present approxi- 
mately 600,000 tons, nearly all from two fields. There is every 
prospect of this production being maintained for many years, and 
it might be considerably increased by the bringing in of new fields. 


(6) Canada.—The eastern oilfields in Canada have been producing 
oil for many years, but the production has been falling off slowly 
and steadily. It is now less than 30,000 tons)per annum, and 
there seems to be very little prospect of new fields being discovered. 
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Gas production is still good. Ontario provides the chief fields, but 
there is a small one in New Brunswick. 

It is to the western fields that Canada must look for future 
supplies, and the position in Alberta is at present very interesting. 
Small fields with great production of gas and a little heavy oil are 
being developed on the prairies near Wainwright and Ribstone, 
but it is to the foothills of the Rocky Mountains that attention is 
chiefly drawn. 

One well in the Turner Valley has been producing for more than 
two years upwards of 500 barrels a day of light gasoline, and other 
wells in the neighbourhood bring up the daily production to about 
1,000 barrels. The gasoline is condensed from a very strong flow 
of wet gas, under its own pressure and at the low temperature due 
to the sudden expansion of the gas. There are prospects of extending 
the productive area in this valley, but it is realised that the true 
source of the oil has not yet been ascertained. Drilling in other 
localities in the hope of discovering a supply of oil of a more 
normal character is proceeding, and will be intensified in the near 
future. 

There are two theories with regard to the oil—the first that it is 
of Devonian or even greater age, the second that it is Cretaceous. 
The evidence viewed on a large scale favours the latter theory, 
though the oil may be actually found in older strata. 

The production of oil of Western Canada can be expected to 
increase, perhaps very greatly, without taking into consideration 
such localities as Fort Norman, which is too far away from markets 
to be of practical importance at present. 

The total production of Canada is now about 70,000 tons per 
annum, but this, as stated above, may be increased greatly. 

(7) Barbados.—This Colony has been prospected diligently for 
oil, and there have been many experimental wells drilled without 
any striking success. At present there is a small production of a 
very good quality of oil, but the supply is not yet sufficient for 
local requirements. No great increase of production is to be 


expected. 


Considering all the producing oilfields of the Empire, the total 
supply of free petroleum is little more than two and a half million 
tons per annum, and so far as can be predicted at present production 
is not likely to exceed three million tons. New discoveries may 
make it necessary to amend this estimate, but for the present three 
million tons may be taken to be a maximum, which can certainly 
be achieved only by energetic development of the present known 
sources or the discovery of new sources. 
3A2 
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It is unnecessary to point out how ludicrously inadequate such 
a total supply is compared with the needs of the Empire. The 
result is that there is too great a dependence upon foreign sources, 
which may conceivably not be available in certain contingencies, 
British capital is largely engaged in the development of oilfields 
and the production of oil in foreign countries, and without a certain 
amount of control so arranged for, the situation would be parious, 
but the endeavour to make use of sources indigenous to the mother 
eountry, the Dominions and Dependencies, becomes of paramount 
importance. 


B. Areas PRosPecteD OR BEtnG PROSPECTED. 


That signs of petroleum are very widespread is a commonplace, 
but it is not perhaps fully realised in how many countries petroleum 
exists, and yet cannot be obtained in commercial quantity. In 
many such cases the search for oil may be foredoomed to failure 
from the start, but where there is even a remote possibility of success, 
prospecting and geological examination are justified. The optimism, 
however, that continues the search after all hope of a successful 
result has been shown to be unjustified, is merely a deplorable waste 
of energy. 

A pooling of information might go a long way towards obviating 
renewed attempts to find oil where conditions have been proved 
to be definitely unfavourable, and it is with the view of bringing 
about such a pooling in the interests of Imperial development 
that in the following notes several countires are dealt with that 
might otherwise be disregarded. 


(1.) Avustralia.—The value that would naturally attach to an 
oilfield in Australia has been the cause of many enterprising attempts, 
and prospecting and drilling are still proceeding in certain quarters. 

In Queensland the oil bearing stage has undoubtedly been reached 
in Secondary strata, but so far no geological structure capable of 
concentrating and retaining petroleum in quantity has been detected. 
Gas in considerable quantity has been struck, and small traces of 
heavy residual petroleum have been encountered here and there. 
There would appear to be little or no chance of developing 
an oilfield. 

In New South Wales there is just a possibility of finding petroleum 
beneath the torbanite-bearing strata in one or two small domes, 
but the prospect of proving a commercial field is poor. 

In the Tertiary belt of South Australia much work has been done, 
but once again favourable geological structures are wanting, so no 


success can be expected. 
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In Western Australia and the northern territories, in spite of 
extensive prospecting, no favourable area has been discovered. 

The greater part, and especially the central part, of the country 
is formed of igneous, metamorphic or very old sedimentary rocks 
from which no production of petroleum is possible. 

(2.) New Zealand.—The presence of oil has been known near 
Taranaki and New Plymouth for a number of years, and there 
have been several attempts to develop oilfields, One of them 
promised to be successful, but finally resulted in failure. Another 
attempt is now being made. There is very little published as to the 
geological structure and the nature of the strata from which it is 
possible to judge of the prospects of a commercial oilfield being 
developed. 

For the present New Zealand must be classed as a territory that 
has been unsuccessfully prospected. 

(3.) Nigeria.—Samples of asphaltic oil were first brought from 
the coastal belt in Nigeria in 1906, and later a company was formed 
to prospect and exploit the field. It was found, however, that the 
oil occurs in a shallow strip of Tertiary rocks lying upon granites 
and metamorphic strata, and that there are no post-Tertiary folding 
structures capable of concentrating petroleum. 

Later geological prospecting merely confirmed what was known 
before, and all attempts to develop an oilfield have been abandoned. 


(4.) Gold Coast.—Much the same conditions as ascertained in 
Nigeria apply to the Gold Coast ; though seepages of oil are known 
there is no prospect of obtaining commercial production. 

(5.) The Sudan.—Very little geological prospecting for oil has 
been undertaken in this area, though the possibility of small fields 
along the Red Sea littoral has been considered. The geological 
Survey of the Soudan has made it clear that neither strata nor 
geological structures are favourable for oil formation or conservation. 
It is to be feared that there is no reasonable hope of finding an 


oilfield in this territory. 

(6.) British Somaliland.—This is another case where oil un- 
doubtedly occurs in a shallow formation lying upon much older 
strata. Several experts have visited the area, but have 
unfavourably upon it. To undertake serious development work 
would appear to be useless. 

(7.) Uganda.—This country has been fairly exhaustively 
prospected, and has been proved to be formed chiefly of igneous 
and metamorphic rocks. In the great Rift Valley, and particularly 
on the eastern shores of Lake Albert, seepages of asphaltic petroleum 
are known from what are apparently Tertiary strata deposited in 
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the rift. In such circumstances, however, it is practically impossible 
that any folding structures capable of concentrating and storing 
petroleum can have been formed. Further prospecting may be 
undertaken, but will almost certainly yield the same results. 


(8.) Nyasaland.—Geological conditions here are similar to 
those in Uganda ; there appears to be no hope of finding an oilfield. 


(9.) Newfoundland.—Oil of excellent quality can be obtained 
in the north-west of this Colony, and more than one attempt has 
been made to develop a field, but always without success. The 
oil occurs in Palaeozoic strata, but no really favourable structures 
have been detected. It is possible that a small and shallow field 
yielding good oil in small quantities could be established, but at the 
best it could only be of local importance. 


(10.) South Africa.—The occurrence of cracked oils naturally 
distilled from carbonaceous strata by the heat of igneous intrusions 
in many localities in the Karroo (Triassic) Series has been the cause 
of much prospecting and drilling. Gas also has been encountered, 
but not of the nature typical of oil wells. All the drilling has been 
unsuccessful, though in dolerite dykes and sills and at their margins, 
where carbonaceous strata are not far distant, signs of cracked oil 
are frequently in evidence. 

In the zone where folded structures occur and dolerite intrusions 
are absent, there are no reservoir rocks of sufficient porosity to 
contain petroleum in quantity, though the strata may be slightly 
bituminous. Throughout most of the area occupied by the Karroo 
System the strata are almost perfectly horizontal, and thus 
afford no structures capable of concentrating and containing 
petroleum. 

South Africa may, therefore, be added to the list of countries that 
have been prospected and found wanting. 


(11.) British Guiana.—The occurrence of seepages of oil, or 
masses of sticky, asphaltic oil driven ashore on the northern 
alluvial flats of British Guiana near the mouth of the Orinoco, 
has frequently called attention to the possibility of an oilfield 
being concealed by superficial deposits in that region. Geological 
examinations have yielded only negative evidence, and the 
consensus of opinion seems to be that though it is possible that 
oil bearing rocks of late Tertiary age may be present beneath 
the surface in the extreme north of the Colony, there is little 
probability of suitable structural conditions to concentrate petro- 
leum. In fact the environment may resemble that of the coastal 
belt of Nigeria and the Gold Coast, and thus be unworthy of 
attention as a possible oilfield. 
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(12.) British North Borneo.—The proximity to the prolific 
oilfields of Dutch Borneo, where oil of very high quality is produced, 
naturally called attention to this Island. 

Very extensive geological work has been done in recent years 
in British North Borneo, and some drilling has given very hopeful 
indications, if no really good producing well has yet been drilled. 

Geological structures, such as have been carefully mapped, 
are not wholly favourable. Large anticlines with a regular pitch 
and hardly any arrestment of pitch have been delineated and 
shown to be oil bearing, but the lack of dome structure has 

vented any great concentration of oil. 

In other districts favourable structures of smaller size have 
been recognised, but the stratigraphical relations have not been 
ascertained with certainty, and the presence of oil has not always 
been proved. : 

Thus though the area still contains many prospects that have 
not been tested by the drill, the outlook is uncertain, and British 
North Borneo must be regarded as an unproven, but still possible, 
field for exploitation. 


(13.) New Guinea.—This is another territory that has received 
attention in recent years. A great deal of geological prospecting 
has been done, and a certain amount of drilling, without any 
oilfield of importance being discovered. Seepages of oil are known 
in many localities, but geological structures are small and narrow, 
and the strata dip often very steeply. 

The productions of such wells as have been drilled are meagre, 
but the quality of the oil is good. 

In what was formerly German New Guinea there appear to be 
better prospects than in Papua. 

Much pioneer work remains to be accomplished before it can 
be decided whether the Island is likely to become an important 
source of petroleum supplies or not. 

(14.) Canada.—There must be very few, if any, localities in 
Canada where there is a chance of developing an oilfield that have 
not been prospected geologically, but there are a number of 
possibilities that have not yet been tested by the drill. 

Of these the areas of greatest promise are on the flanks of the 
Rocky Mountains, particularly in the foothills of Alberta. On 
theoretical grounds alone there are several structures which have 
been partially, but not effectively, tested before, that are worthy 
of careful drilling to greater depths than have been explored. 
It is not unlikely that fields of considerable size and importance 
might be developed, but all such exploitation is necessarily 
speculative, and the lack of suitable reservoir rocks may once 
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again militate against the accumulation of any large supplies of 
petroleum. The year 1927 may see several promising areas put 
to the proof, and may decide whether the hopes of geologists and 
prospectors are well founded or not. 


(15.) Great Britain.—It is perhaps unnecessary to allude to 
the attempts to prove an oilfield in Great Britain. Eleven areas 
selected by geologists experienced in petroleum work on the data 
furnished by the maps of H.M. Geological Survey have been 
tested, and only two wells have produced oil in anything like 
what might be described as commercial quantity. The Hardstoft 
well in Derbyshire has continued to produce oil of good quality, 
but subsequent wells drilled near it have been unsuccessful. The 
numerous slight shows of gas and residual oils encountered in other 
wells proved that oil bearing conditions had existed at one time, 
but that the oil had been dissipated or adsorbed, and only the 
merest residues left. The Hardtoft oil is a naturally filtered 
product that has its source probably far above where it was 
struck. 

Most of the experimental wells were carried to quite sufficient 
depths, and one or two were carried deeper than was necessary, 
but in one case, and this, curiously enough, was the most promising 
of all, the well was stopped at 1,812 feet, just after encountering 
a very promising show of oil. 

The area to be tested by this well is in the opinion of several 
geologists the most favourable in the country. Before drilling 
began, it was put on record that there were four geological horizons 
at which petroleum might be expected to occur, and the depths 
to these were estimated roughly at 1,500, 1,800, 2,600 and 2,900 
feet. The first definite show of oil, below a slight trace at shallower 
depth, was met with at 1,490 feet, and the second at 1,810 feet, 
where a very waxy oil was struck in a hard calcareous sandstone. 
The yield was never greater than seven barrels per day. Had 
this well been continued, it is possible that the lower horizons 
might have given better results. 


From the above brief accounts of the attempts to find petroleum 
in British Dominions and Dependencies, it is evident that the 
Empire has been fairly thoroughly prospected ; with the exception 
of British North Borneo, New Guinea and some parts of Canada, 
there seem to be very few chances of developing new oilfields in 
countries that are not already producing in quantity. 

There has, unfortunately, been a certain amount of prospecting 
of countries already condemned, and it may be that such un- 
necessary and useless work cannot altogether be prevented in 
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the future, but in any case it is better that all possible chances 
should be reconsidered rather than prematurely discarded. 

The outlook for a sufficient supply of free oil from Empire sources 
is undoubtedly gloomy ; it thus becomes necessary to give earnest 
attention to all other sources within the Imperial domains from 
which supplies of liquid fuels can be obtained. 


C. Areas ConTAInInG RETORTABLE MATERIAL. 


In a world in which the demand for petroleum products is steadily 
and continually increasing, while the supply is being maintained 
with difficulty, it is natural that the search for and study of alter- 
native sources of liquid fuels are being prosecuted with vigour, 
though it is only recently that the necessity of utilising every 
resource has become apparent. 

Up till the present the discovery of new oilfields and the deeper 
drilling in old-established fields have sufficed to meet requirements, 
and for some years to come there is no fear of a serious shortage. 
More efficient drilling and better precautions against waste may 
delay the evil day when the supply of free oil from well and 
storage will fail to meet the demand, but it may be expected that 
the cost of maintaining sufficient production will increase. This 
applies specially to areas where deeper drilling becomes necessary. 

Any general increase in the world price of crude petroleum will 
obviously facilitate the production of oil by retorting or extraction 
methods, which can at present hardly compete with supplies of 
free oil, unless transport charges tip the scale in the favour of the 
former. It is, therefore, in countries that have to import petroleum 
that we find the most favourable fields for establishing a retorting 
industry. 

The materials to be dealt with can be classified as follows :— 

(2) Oilshale and “ tar-sands.” 
(6) Cannel coals (including torbanites). 
(c) Lignites. 

The treatment of bituminous coals will not be considered in 

this connection, as that subject falls to be discussed in another 


paper. 
The British Empire, though containing very few oilfields, is 
fortunate in possessing large supplies of retortable material. 


1. Great Brrrarn. 


(a) Oilshales.—The oilshale industry is at present confined to 
Scotland, where it has existed since the sixties of last century, 
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Oilshale is mined to the quantity of from 2,500,000 to 3,000,000 
tons per annum, and a crude oil gallonage of upwards of 50,000,000 
is extracted, while the yield of ammonium sulphate is approximately 
50,000 tons. The richer shales are almost entirely worked out, 
and were it not for the ammonium sulphate, the industry would 
not be able to pay its way. 

Recently conditions have been very unfavourable, and the works 
have been run at a loss. Two works have been closed and one 
mine shut down, but there is hope that a reorganisation involving 
changes in retorting and refining methods might restore the industry 
to prosperity. If this can be accomplished, production of shale 
and of crude oil might be increased to some extent. 

Of other oilshales in Britain, those of the Kimmeridge clay 
formation are alone worth considering, and no serious attempt 
has yet been made to mine and retort them on a large scale. In 
Dorsetshire there are thin seams interbedded with clays which could 
be mined cheaply and would yield approximately 40 gall. of oil 
per ton, some more and some less, but the crude oil is highly 
sulphurous, and thus expensive and wasteful to refine. The sulphur 
percentage is as much as 6. It has been estimated that in Dorset- 
shire there is enough shale to yield 897,000,000 gall. of crude oil, 
sufficient for a small local industry. 

In Norfolk, oilshales of the same age have been exploited, but 
not successfully. The sulphur percentage in this case is from 
6 to 8, and the oil yield is smaller than in Dorsetshire. The writer, 
after a careful examination of the evidence in 1917, was unable 
to find a seam of workable thickness, and further operations have 
only served to confirm this view. 

The same shales occur in Lincolnshire and Yorkshire, but no 
workable proposition has been disclosed. 

Shales of similar age are known in the island of Raasay, in the 
west of Scotland, but the yield of oil is small and its quality poor, 
being very sulphurous. These prospects are of no commercial 
importance. 


(6) Cannel Coals and Torbanites.—These deposits were at one 
time made use of largely as gas coals, and in some cases as @ source 
of oil. They afford very good prospects of establishing a small, 
but profitable, industry, when treated by modern methods. 

In 1917, a fairly complete investigation of the country’s resources 
in cannel coals was undertaken, with special reference to the total 
supplies available; at the same time, microscopical and chemical 
examinations of every seam were made, and retorting tests on a 
large scale were made to ascertain what quantities and what 
qualities of crude oil could be obtained. A mass of useful and 
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important data was collected, but there has been no publication 
of the results. 

In subsequent years much additional information has been 
obtained, and methods of treatment have been improved, with the 
result that it is found that the yield of oil can be increased by 
10 per cent. to 20 per cent., and at the same time the quality of 
the crude oil can be improved. 

Nearly all the cannels of Britain are to some extent torbanitic, 
and some are really good torbanites ; the yield of crude oil and its 
quality improve according to the extent of the torbanitic 
development in the raw material. 

There are not many collieries, however, where any use is made of 
the canneloid material, it is either left in the mine or thrown on to the 
waste heaps, and as the output from any one pit is seldom greater 
than 100 to 150 tons per day, the importance of this valuable 
source of oil has generally been overlooked. A comprehensive 
scheme was drafted for the utilisation of cannels, and sites for 
works were actually considered, where it would be possible to 
assemble from a number of neighbouring collieries a total per 
day of approximately 1000 tons. Seven or eight of such central 
retorting works could be established, without counting areas 
where supplies are not so plentiful and works on a smaller scale 
would be necessary. An alternative scheme is to erect small 
retorting units at each colliery that can produce sufficient cannel 
and transport the crude oil to central refineries. There should be 
no great difficulty, if all available supplies of good cannels were 
dealt with, in treating 2,500,000 to 3,000,000 tons per annum, 
a tonnage equal to that of oilshale mined in Scotland. 

The yield of oil will naturally vary according to the nature of 
the material. Good torbanitic cannel will yield as much as 70 gall. 
per ton, and the poorest class of non-torbanitic cannel will give as 
little as 25 to 30 gall., while the bulk will range between 40 and 
50 gall. An average of 40 gall. can be counted upon, when the 
newest and best methods of treatment are employed ; this includes 
light spirit scrubbed from the effluent gases. 

The crude oil made from a good cannel by an efficient low- 
temperature process is very different from the tars or tarry oils 
made from bituminous coal; it mixes in all proportions with 
petroleum without giving a precipitate of pitch, it contains good 
percentages of petrol and light oils, and after topping it makes a 
very good cracking stock. Petrol of high quality is made by 
cracking these oils, and the yield of petrol is high. 

If all the available cannel coals were retorted for oil, and the 
crude oil cracked to make petrol, an annual production of at 
least 60,000,000 gall. of motor spirit would be obtained, and could 
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be maintained for many years. Such an addition to the country’s 
resources would have an appreciable effect upon the balance of 
trade, a new and successful industry would be established, the coal 
mines would derive an extra profit, and employment would be 
available for a large number of men. 

The rough estimates given above are all founded upon careful 
tests and actual experience, and err, if anything, upon the 
conservative side. 

(c) Lignites—There are no extensive lignite deposits in Britain, 
with the exception of those in the Tertiary basin of Bovey Tracey, 
in Devonshire, and possibly the Jurassic brown coals of Suther. 
landshire. There are deposits of less importance in the Hampshire 
basin. 

The value of a lignite as retortable material depends upon the 
stage of mineralisation which it has reached. The lower seams 
in the Bovey Tracey area seem to be quite suitable for retorting, 
and are capable of yielding good percentage of the very valuable 
product montan wax. 

Recent experiments with new processes suggest that a profitable 
industry in mining and treating the better class of lignite could be 
established, but no very precise data as to the quantities available 
is to hand. It runs, however, to many millions of tons. It has 
been proved possible to make valuable oils from lignites, and 
the residues can be made use of locally in gas producers or under 
furnaces as source of power, or formed into briquettes. 

No attempts on a large scale to utilise the lignites have been 
made, but in any scheme to develop the latent resources of the 
country they must not be forgotten. 

To sum up, there are in Great Britain valuable sources from 
which oil can be obtained, but which are now being neglected. Of 
these the cannel coals and torbanites are the most important and 
the easiest to utilise, while the Dorsetshire oilshales and the 
Devonshire lignites are not negligible. Were all such materials 
made use of, the country would not be so dependent as it is at 
present upon import of petroleum and its products. 


2. CANADA. 


The Dominion of Canada is rich in various kinds of re- 
tortable materials which are at present neglected. The reason for 
this neglect is chiefly the proximity to the United States, whence 
cheap supplies of all grades of petroleum are imported. Another 
reason is that such attempts as have been made to produce oil by 
retorting processes have not been well advised, or have not followed 
the most efficient methods. 





CUNNINGHAM-CRAIG : PROGRESS AND PROSPECTS. 661 


(a) Oilshales.—The greatest deposits of oilshales in Canada occur 
in New Brunswick in the Albert Series. These have been tested 
on a large scale in vertical retorts, and different seams have given 
yields varying between 27 and 48 gallons per ton, while ammonium 
sulphate up to as much as 77 Ib. per ton has been produced. There 
are very large areas in which seams of oilshale, some rich, some poor, 
have been mapped, and where mining would be both simple and 
cheap, and in some localities shale could be won by opencast work 
for many years. No exact figures of the quantity available can be 
given, but estimates up to as much as 150 million tons have been 
put forward. In one case the figure of 47 million tons of oil has 
been calculated as available, but on what gallonage per ton of shale 
has not been made clear. 

It is to be noted that low-temperature methods of retorting have not 
been employed, so it is probable that both the quantity and quality 
of the crude oil that could be produced might be improved. 

The shale seams are well situated not far from the coast, and there 
is certainly a prospect of developing a successful oilshale industry. 

Tar-sands, although not strictly speaking oilshale, may be con- 
sidered under this heading. The great deposit of these exposed in 
the valley of the Athabasca and its tributaries in Alberta has been 
known for many years, and has been the subject of much research. 
The material is a sand fully impregnated with inspissated asphaltic 
oil, from 12 per cent. to 20 per cent. of the weight being hydro- 
zarbons. The deposit has been proved over an area of, roughly 
speaking, 10,000 square miles; its thickness is seldom less than 
100 feet, and reaches as much as 200 feet. For all practical pur- 
poses the quantity may be said to be unlimited. Attempts to 
produce oil by drilling into this deposit have not been successful, 
though a small flow of heavy oil for a short period has occasionally 
been obtained. 

At present much interest is being taken in this remarkable 
deposit, and work, both in the field and the laboratory, is being done 
to ascertain the best method of making use of the vast store of 
inspissated petroleum. 

The methods suggested may be classified as direct and indirect. 
By direct methods is meant the extraction of oil as such in the 
field, tunnelling and mining after the Pechelbronn practice, and 
forcing steam down drilled wells. The latter method has recently 
been tried with success, though not over a lengthy period. A 
combination of the two methods might be successful under favour- 
able conditions. 

The indirect methods involve stripping the surface and mining 
the deposit in opencast workings by means of steam diggers. After 
it has been mined, either retorting or{extraction by liquids must be 
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resorted to. Retorting will give a yield up to 20 gallons per ton o 
possibly rather more ; there will naturally be some cracking of the 
heavy petroleum. Extraction by hot water with an alkali o@ 
alkaline silicate in solution makes a good separation of the petroleum 
from the sand, and plant has been designed for this purpose. Extrac. 
tion with kerosine has also been tried, but has proved expensive. 

Whatever method or process be selected, it is obvious that it 
must be operated on a large scale. Worked like a low grade mining 
proposition, in which by dealing with a very large tonnage the 
costs per ton can be kept down to a minimum, there is every reason 
to believe that the tar-sand deposit can be exploited with com. 
mercial success. Once the crude oil has been obtained, it is possible 
to crack it by any efficient cracking process to make a good per. 
centage of petrol. There is thus a good prospect of obtaining oil 
in ever-increasing quantity as the Athabasca country is opened up, 
and the supply can be maintained for hundreds of years. If, how. 
ever, prolific oilfields should be developed in Western Canada, 
heavy oil from the tar-sands will not be able to compete, and the 
exploitation of the tar-sands may have to be delayed. 


(6) Cannels and Torbanites.—The only area in Canada in which 
canneloid material exists in quantity is Nova Scotia. In the coal 
basin near New Glasgow the presence of torbanites, locally called 
“ oilshales,” has been known for many years. The best known 
seam was worked extensively at one time, and was called “ Stel- 
larite,”” owing to the manner in which it decrepitated and sparked 
in burning. This is due to the gels being of large size and usually 
isolated from each other ; when heated sufficiently each gel caused 
a miniature explosion. 

There are several seams of torbanite, including one or two of 
great richness, capable of yielding 70 gall. of oil per ton when 
retorted at low temperatures, and in addition to these there are 
very thick deposits of impure cannel, with a slight, but variable, 
torbanitic development. Some of the latter deposits could be 
worked by opencast methods for many years, but the yield of oil is 
small, not exceeding 38 gall. per ton, and falling as low as 30. 

The coal basin has been mapped geologically, but is not fully 
explored yet, so it is not possible to give an accurate estimate of 
the quantity of retortable material that is available. One estimate 
puts it at 2000 million tons, but this requires confirmation. 

The area is well opened up by roads and railway, and is close to 
deep water at New Glasgow. 

Under present conditions the richer seams could be mined and 
retorted at a profit, for the oil to be obtained, provided that a 
modern process is used, is of very good quality. The poorer seams 
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might not pay for working unless the industry could be given some 
measure of protection, but if the price of free petroleum should rise, 
even the poorest seams will become a valuable asset. 

Professor A. E. Flynn has made a special study of these tor- 
banites, and his results are published in a brochure issued by the 
National Researcli Committee. 

(c) Lignites—In Alberta, Saskatchewan, and even Manitoba, 
there are great deposits of lignite of Cretaceous age, but they are 
not mined very extensively, except near Edmonton. Many of the 
seams are not suitable for retorting, but some of the deeper ones 
would probably give good results with a newly invented process. 
Under present conditions—i.e., with plentiful supplies of cheap 
petroleum imported from the United States, oil from lignites would 
not be able to compete in the open market. These deposits must, 
therefore, be considered as a reserve for the future: when it is 
possible to make use of them the quantity available is so great that 
a retorting industry once established could be maintained for 
generations. 


3. AUSTRALIA. 


(6) Cannels and Torbanites—New South Wales is fortunate in 
possessing the richest torbanites in the world. These have been 
described frequently, but are often misnamed “ kerosine shales ” 
or oil shales. Attempts to establish a mining and retorting 
industry have up to now proved unsuccessful, but have demon- 
strated the richness of the material. High mining costs and labour 
troubles are stated to have been the chief causes of failure, but 
perhaps a more serious cause has beeen the employment of old- 
fashioned methods of retorting that are not suitable for the treat- 
ment of such rich material. A yield of from 100 to 104 gall. per 
ton has been obtained from vertical retorts of the Scottish type, 
and the crude oil was of good quality. It is possible with a low- 
temperature process to get a yield of from 131 to 150 gall. per ton 
of a lighter and much more valuable oil. Even greater yields 
might be obtained from the best seams. The fields containing 
the torbanite seams are in the Triassic or Permian coal-measures, 
but much of the ground has not yet been fully prospected by bore- 
holes, consequently the available tonnage cannot be estimated with 
accuracy. Nevertheless it has been calculated that sufficient 
torbanite has been proved to yield a total of 12,000,000 tons of oil, 
and this figure would require to be increased were a modern retorting 
process employed. The yield of ammonium sulphate from such 
torbanites is naturally small and can be neglected. 

The great lignite basin of Morwell, some 50 or 60 miles from 
Melbourne, deserves consideration as a source of retortable material. 
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The quantity of lignite available is enormous, and has never been 
fully estimated, but some idea of the quantity may be given by 
the fact that a boring 1019 ft. in depth passed through a thickness 
of over 700 ft. of lignite. The problem of mining such a deposit 
is no doubt difficult, but it might be solved by methods such as 
those employed in mining the diamondiferous pipes in South Africa. 

The upper beds of this lignite are not of very good quality, 
but the lower seams, which have been affected by higher pressures, 
are apparently eminently suitable for retorting, and could be 
expected to yield from 40 to 50 gall. of oil per ton. There would be 
a considerable loss in refining the crude oil, but valuable by-products 
might be recovered. There is every reason to believe that with 
cheap mining a successful industry could be initiated. 

In Tasmania an impure spore coal, known as Tasmanite, is at 
present being exploited and retorted, the yield of oil being approxi- 
mately 40 gall. per ton. The seams of Tasmanite have been 
proved over a considerable area, and though no very precise 
figures are available, it has been calculated that there is sufficient 
material to yield 1,400,000 tons of oil. The industry of mining and 
retorting the Tasmanite has good prospects of proving successful. 


4. Sourn Arrica. 


(6) Cannele and Torbanites—The only hope of developing an 
oil industry in South Africa is by mining and retorting the torbanite 
and cannel seams of the Transvaal. The torbanite seams are thin, 
but occur in coal seams, so that a working thickness can be mined. 
In the Ermelo and Wakkerstroom districts there has been a certain 
amount of careful prospecting done, though it would be premature 
to state that anything like the full tonnage available has been 
estimated. Much boring and development work will be required yet. 

The deposits vary in quality as well as in thickness, and no 
serious attempt has yet been made to develop any area. Much 
of the material is very rich, yielding as much as 92 gall. per ton by 
a low-temperature process ; laboratory or small-scale tests indicate 
that higher yields are possible, but for practical purposes only 
large-scale retorting tests are to be regarded. 

The mining, which will be at shallow depth, or from adits, 
will be very inexpensive, and the quality of the oil that has been 
obtained from these torbanites is excellent, containing good per- 
centages of petrol, kerosene and solid paraffin. 

The tonnage of torbanite available is somewhat doubtful as yet, 
but in two districts alone it may be put provisionally at approxi- 
mately 30,000,000 tons. 

Besides the torbanites, there are workable cannel seams with a 
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slight torbanitic development, capable of yielding up to 40 gall. 
of crude oil per ton. These have not been prospected nor developed 
in any way, but show workable thicknesses where they have been 
opened at outcsop. 

Summing up the prospects, it can be stated that there is sufficient 
material of sufficiently good quality to base a successful retorting 
industry upon. The costs of freight of imported oil to South 
Africa and its transport up-country give such an advantage to a 
local industry that it could hardly fail to be successful. 

Except for occurrences of oil shales in Burma, New Zealand, 
Newfoundland and one or two other places, all of which must at 
present be reckoned as doubtful prospects, the above mentioned 
fields complete the list of prospective sources of liquid fuel in the 
Empire. It follows to make some attempt to estimate what would 
be the effect of developing them with the end in view of making 
the Empire self-supporting in supplies of oil. 

Firstly, it is evident that the supply of retortable material is 
very large. 

Secondly, it is obvious that it is to retortable material rather than 
to free oil that we must look if sufficient supplies for Imperial 
needs are to be forthcoming. 

Thirdly, it is obvious that the development of fields of retortable 
material cannot be commenced immediately except upon a com- 
paratively small scale ; much careful prospecting and boring remains 
to be done in several of the areas where the greatest resources 
occur, and it will take many years to build up retorting industries 
of sufficient size and importance. 

The Empire’s imports of liquid fuels are, roughly speaking, 
3,050,000,000 gall., made up as follows :— 


Canada ee oe na oe 670 million gallons 
Australia .. oe se os 165 to % 
South Africa oe ee $e 36 - *” 
New Zealand oe ee oe 50 mm a 


Great Britain - “ -- 1600 o * 
Other Colonies and Dependencies. . 515 a o 


This excludes all solid products such as asphalt and paraffin 
wax. A proportion, but not a large one, of the imports are from 
British sources, but we may consider the total of 3,000,000,000 gall. 
as roughly speaking the needs of the Empire, a figure which is 
liable to increase, and may have increased considerably since the 
latest statistics have been published. 

Put into tons, with a due allowance for the specific gravity of 
the oils, this comes to upwards of 11,000,000 tons of petroleum 
products required for the Empire in each year, and in future years 
the demand is sure to increase. 
3B 
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It has been seen above that a total of 3,000,000 tons of free oil 
from Empire sources is all that can be counted upon; this leaves 
8,000,000 tons to be supplied from other sources. 

Persia, the United States and other foreign countries at present 
supply the deficiency. Can this deficiency be supplied under the 
most favourable circumstances from Imperial sources ? 

For Great Britain the answer is quite.simple; under the very 
best conditions, with cannels, torbanites, oilshales and lignites 
all being regularly worked and retorted, the production of oil 
will be only one-eighth to one-sixth of requirements. 

Canada is in a better position; with the oilshales of New 
Brunswick and the torbanites of Nova Scotia developed up to an 
annual output of 1,000,000 tons each, and the tar-sands of 
Athabasca developed at the rate of 2,000,000 tons, one-fifth of 
the requirements of the country could be satisfied, while if the 
prospective oilfields of Alberta prove successful, a further large 
supply would be forthcoming. If the retorting material were 
worked on a really large scale, the country might be made practically 
self-supporting. 

South Africa could supply its own needs by working and retorting 
500,000 tons of torbanite and cannel, and could maintain the 
necessary output for many years. 

Australia, from its torbanite, tasmanite and lignite, could become 
self-supporting, though the output of these materials would 
require to be worked up to something of the nature of 3,000,000 tons 
per annum. 

Trinidad could supply the West Indies, British Guiana and British 
Honduras, and still have a good surplus for export to other countries. 

Burma, Assam and the Pynjaub between them should be able 
nearly to supply India. 

New Zealand will probably always have to depend on imports, 
and the same may be said of Newfoundland and the East and 
West African Colonies, and there remain many smaller colonies 
and dependencies whose needs must be supplied. 

Considering the question as a whole, it appears practically 
impossible for the Empire ever to be entirely self-supporting 
from the sources dealt with above, unless work on a gigantic scale 
were undertaken, but with the help of Persia, which produces 
some 5,000,000 tons of oil per annum, it should not be difficult 

to keep every dominion, colony and dependency supplied, and 
retain in storage a sufficient quantity of petroleum products for 
emergencies. 

It is an ideal to be worked for, even although it may take many 
years before such a desirable position is within reach. 


PROGRESS AND PROSPECTS. 
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Petroleum Refining Facilities Within the British Empire. 


By James MoConnety Sanpers, F.I.C., F.C.S. (Member). 


A study of the British Empire’s resources for the production of 
crude petroleum must be incomplete unless at the same time its 
available or potential facilities for refining it are included in the 
picture. 

While it is unfortunately true that it depends upon foreign 
countries for the greater part of its petroleum supplies, it is equally 
unfortunate that so much of the crude oil production it controls 
politically or financially has to be worked up under alien flags, and 
is subject at all times to interruption from conditions outside 
Imperial control. 

The establishment of refineries in Great Britain itself would 
appear to be a political rather than an economic necessity, for many 
arguments could be found for placing the manufacturing plant as 
close as possible to the source of raw material which feeds it. When 
markets for the reception of the finished products are available in 
close proximity both to oil-fields and refineries such arguments are 
considerably strengthened. 

The ideal conditions exist in the United States, where fields, 
refineries and markets are linked together with a comprehensive 
system of pipelines and other means of transport. 

The British Empire, having no source of crude oil within its 
frontiers sufficient to supply its necessities, must perforce sub- 
stitute for pipeline linkages the mobile elements of its mercantile 
marine, and this in itself provides an argument for establishing 
installations for the manufacture of fuel oil, whether for aircraft 
or seacraft, at the home bases of its ships. 

Of equally vital importance is the supply of lubricating oils, 
without which all the machinery in the Empire would quickly come 
to a standstill. 

The object of the present study is to briefly survey the position 
of the Empire if it were called upon to not only produce but also 


refine all the petroleum products it needs. 
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At the present time importations into British Dominions amount 
to about ten million tons annually of petroleum or its derivatives, 
Of these, nearly one half is designated “crude oil,” and of this 
crude about 4,650,000 tons goes to Great Britain and Canada, the 
remainder being absorbed by Australia, New Zealand, Egypt, 
Ceylon, Cyprus, St. Vincent, British Guiana and Newfoundland. 

Canada and Great Britain divide this imported crude almost 
equally, but from the point of view of refining facilities, Canada’s 
quota of 2,328,667 tons per annum must be increased by its own 
production of 45,465 tons, less its exports of 27,147 tons. 

The position is summarised in Table I, which shows the amount 
of crude oil presumed to have been refined during 1925 by each 
country in the Empire which is known to possess refineries. 


Taste I. 
Crupe Perroteum Imports anp Exports. 
For Countries possessing Refineries. 


Tons per annum. 


Great Trini- Aus- 
ns Britain. Canada. dad. India. Sarawak. Egypt. tralia. 
Crude— 
Production . nil 45,465 637,423 1,193,779 603,270 176,764 nil 
Imported .. 2,322,783 2,328,669 nil nil nil 4,187 170,191 





2,322,783 2,374,134 637,423 1,193,779 603,270 180,951 170,191 
Exported .. 301 =. 27,147 42,910 + =19,112 151,908 i nil 


Refined .. 2,322,482 2,346,987 594,513 1,174,667 451,362 180,951 170,191 
a to 
Is daily 54,187 54,761 13,867 27,405 10,528 4,221 3,969 





From this table it may be deduced as a first approximation that 
the countries mentioned are capable of refining at least 170,000 
barrels of crude oil daily, or as much as four large installations in 
the United States could handle easily. 

According to one authority! there were 509 refineries in existence 
in the United States on January 1, 1926, 352 of which were operating 
with a daily capacity of 2,560,000 barrels, 157 were shut down 
(290,000 barrels) and two were under construction (5000 barrels). 

According to the Board of Trade Journal the quantity of crude 
petroleum refined in Great Britain during 1926 was 539 million 
gallons, or about 123,000 tons less than in 1925, so that for the 


purpose of gauging the prospective refining capacity of Great 
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Britain itself the figures for the latter year would appear to be 
more suitable. 

As regards the other countries in the Empire the complete 
statistics for 1926 are not yet available, so that those for 1925 
have been also utilised in the following discussion. 

Table II is taken from the Board of Trade compilation above 
referred to, and shows the comparative yields of liquid products 
obtained from foreign crudes, refined in Great Britain. ** 


Taste II, 


PRODUCTS OBTAINED FROM CRUDE OIL REFINED IN GREAT BRITAIN DURING 


1925 and 1926. 

1926. 1925. 

Throughput :— Million Gallons. 
Petroleum... “a ca 576-42 te 598-09 
Shale oil is Re “é 39-86 é< 50-21 
Output :— one ed 
otor spirit .. ‘a Ke 173-34 wa 178-73 
Other spirit .. Hs By 14-25 ve 7-59 
Kerosine wa Se va 63-63 de 75-96 
Gas oil se si ba 28-79 ote 29-19 
Lubricating oil - +“ 8-15 sel 6-33 
Fuel oil on « -_ 266-16 od 307-81 
Other liquid products wd 0-13 ie 0-01 
Total liquid products... 554-45 ee 605-62 


Considering only those products which needed refining in the 
literal sense, the comparative proportions for the two years men- 
tioned works out as follows :— 


1926. 1925. 

Per cent. Per cent. 
Motor spirit os 4 ae 31-2 ee 29-5 
Other spirits a es i 2-6 ee 1-3 
Kerosine .. > 2 os 11-4 -" 12-5 
Lubricating oil .. ‘6 wt 1-5 1-0 


From which it is observed that the proportion of motor spirit 
increased in 1926 to about the same extent as that of kerosine 
decreased, while that of other varieties of spirit was doubled. 

Official statistics covering the production of crude oil convey very 
little information regarding the refining possibilities of the raw 
material, or its content of useful components. This in itself makes 
it difficult to correlate refining facilities with the oil to be refined, 
just as difficult, in fact, as it would be to define the size of harbour 
required to accommodate a given tonnage in “ ships.” 

Similar difficulties exist in attempting to define the capacity of a 
refinery, although it is common practice to speak of an installation 
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as having a daily or monthly capacity of so many barrels or tons Wa 
of crude oil. ™ 
The composition of crude petroleums and the extent to which they _— 
may be refined, either by distillation or by chemical and physical don 
treatment, are so variable that nothing short of a separate study other 
of each individual oil with its available plant and possible market 
would allow an even approximate estimate to be made of the rela. 
tions between them. 
Some kind of artificial basis is therefore required in order to 
reduce statistics. to a common measure of comparison. 
As regards “ capacity” of a refinery, the writer has adopted as 
a conventional unit the number of barrels of crude oil which can be 
distilled daily with an offtake of 20 per cent. by volume. Coun 
This is really a measure of distillate capacity, although in what § Gt. Br 
follows it will be spoken of in terms of throughput. Canad. 


The possession of the necessary equipment for re-running crude J India 
distillates, and of chemically treating them, as well as the inclusion § Trinid 
of auxiliary plant for extracting and refining paraffin wax, filtering J Aust™* 
lubricating oils, etc., is taken into account in the following sub. | Psyrt 
division of the subject :— ane 

Complete Refineries.—Include those installations which in addition Tot 
to topping plants, possess steam stills, re-run stills and either 
asphalt stills or wax plants or both. They possess all the necessary * In 
equipment for chemical treatment of the crude distillates to the 
extent necessary from the nature of the crude they are handling. I 
They may or may not possess equipment for making and filling tin to re 
cans and cases, barrels, drums, etc., or plant for manufacturing = 
sulphuric acid or other chemical reagents. 


Semi-complete Refineries—Include establishments which have As 
topping and redistillation units and treating plants for light fractions J) gum1 
only. Their capacity is measured in terms of crude oil, although J othe 
they may actually be engaged in refining a distillate or residuum J and. 


derived from another refinery. const 

Cracking Plants.—Although these are in some cases part of the | prod 
equipment of a complete or semi-complete refinery, they are con- J does 
sidered as separate establishments, and their capacity is measured It 
in barrels of charging stock throughput per day. indir 

When separate installations are considered these are presumed In 
to inchude the necessary plant for treating the cracked products. refin 


Oil Treating Planis.—In this category are included all small § °° 
installations engaged in making special products, such as blending Tabl 
of lubricating oils, compounding greases, etc., no attempt has been 
made to estimate the capacity of such plants since no common 
basis is available. ques 
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With the above as a basis, Table ITT has been prepared showing 
approximately the refining capacity of installations within the 
British Empire, and from this it is evident that the latter is not 
yet in a position to refine the products which it now receives from 
other countries. 


Taste III. 


PETROLEUM REFINERIES OPERATING WITHIN. THE BritisH Empire. 








Complete. Semi-complete. plants. Oil Refineries 
Capacity. Capacity. Capacity. treat- capacity. 
bbls. bbls. bls. ing Total bbls. 
Country. No. daily. No. daily. No. daily. plants. No. daily. 
Gt. Britain. 1 30,000 13* 25,000 5 11,500 37 56 66,500 
Canada .. 4 72,000 12 £30,000 2 3200 9 27 105,200T 
India 2 50,000 2 1200 2 3500 (a) 6 54,700 
Trinidad .. - oo 5 25,000 1 1600 (a) 6 26,600 
Australia .. - — 2 3000 :~=C1 750 (a) 3 3750 
Egypt = = 3 15,500 - -- (a) 3 15,500 
Sarawak .. - - 1 19,500 - a (a) 1 19,500 
Total .. 7 152,000 38 119,200 II 20,550 46 102 291,700 


* Includes shale oil refineries. ¢There are also five natural gasoline plants. 
(a) Information not available. 


In order to estimate what facilities would be necessary in order 
to make the Empire independent of foreign refineries it is necessary 
to know the actual consumption within its borders of products 
which have needed refining. 

As regards Great Britain the Board of Trade Journal gives the 
summary shown in Table IV for the year 1926, but in the case of 
other countries within the Empire, the difference between imports 
and exports does not provide the necessary data for arriving at its 
consumption, because in those countries which are at present 
producing and refining, a part of the output is consumed locally and 
does not appear in the officially published statistics. 

It is proposed therefore to arrive at the true consumption by 
indirect methods. 

In the case of those countries which are producing crude and 
refining it, a knowledge of the crude handled in each individual 
case is considered. Table I shows the amount of crude refined ; 
Table V shows the average yields of products from those crude 
oils which are obtained in commercial quantities. After making 
certain adjustments to cover conditions known to exist, the 
quantity of a product which could be obtained from a particular 
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Taste IV (3). 






Propucts RETAINED FOR CONSUMPTION IN GREAT BRITAIN AND Nortuery 
IRELAND IN 1926. 






Lubri- 
Motor Other Kero- Gas cating Fuel 
Spirit. Spirit. sine. Oil. Oil. Oil. 
Million Gallons. 



























Imports (other than for 








refining) oe - 561-88 2-92 173-42 117-04 91-66 398-9) 
Re-exports .. - 18-43 0-04 7-48 146 8 2-53+ 1-61* 
Retained imports -- 543-45 288 165-94 115-58 Tt 397-30 





Home production from 
imported and native 











petroleum and from 

shale .. on -- 173-34 1425 63-63 28-79 8-15f¢ 266-16 
Exports oe oe 39-95 0-06 25-96 2-51 7-64¢ 51-10* 
Retained home a : 

duction ‘ 133-39 14:19 37-67 26-28 t 215-06 
Total retained . 676-84 17-08 203-61 141-86 89-64 359-16* 
Shipped for the use of 

steamers engaged in 

foreign trade a — — —- —- == 253-20 
Total retained in 1925.. 486-96 13-84 164-84 97-56 82-45 302-25* 
Bunkers in 1925 oe — — — —_— _— 252-18 





* Excluding fuel oil shipped for the use of steamers engaged in foreign trade. 
+ It will be understood that the figures of output of lubricating oil relate 
to production by refiners of crude petroleum and shale oil and do not include 
the manufacture of lubricating oils by merely blending or further refining 
imported lubricants. It is not possible to distinguish the exports of such 
blends, ete., and therefore not possible to state the retained home production. 


Taste V. 


Yretps or CommerciaL Propvucts. 





From crudes obtainable in cial quantities 
Asphalt, 

Country. Gasoline. Kerosine. Gas oil. Lub. oils. fuel loss. Wax. 

o/ of o/ of o/ oO’ 

/0 /0 /o /o /o o 
Canada oe 11-8 52-4 16-2 12-3 4-8 1-5 
Burmah .. 28-0 35-0 6-0 13-0 8-0 10-0 
Assam -- 168 30-2 3-4 10-8 19-3 19-5 
Trinidad (a) 32-6 28-4 16-0 19-6 1-2 2-2 
(6) 40-0 15-0 6-0 15-0 22-7 1:3 

(c) 8-0 2-0 20-0 12-0 52-0 a 

Sarawak .. 14-0 8-0 25-0 10-0 43-0 _ 
Egypt ee 8-0 15-0 43-0 _ 29-0 5-0 


(a) Paraffin base. (6) Mixed base. (c) Asphaltic base. 
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crude, less the amount exported plus the amount imported, repre- 
sents the quantity consumed in the country in question. This 
is shown in Table VI. 







Taste VI. 





EsTIMATED CONSUMPTION OF PRODUCTS WHICH WOULD HAVE REQUIRED CHEMICAL 
TMENT. 


















































(Quantities in long tons per annum.) 
Motor spirit. Kerosine. Lub. oils. Wax. 
Countries pueang aw 7 

Canada 698,683 201,446 45,236 35,645 

Trinidad .. “ 56,316 98,449 641 -— 
India oe és 20,537 612,731 263,397 141,829 

Sarawak .. oe 74,074 —_ 45,455 — 

iPr 24,627 1133 — 
All other countries .. 1,667,311 739,891 398,728 63,052 
Total oe .. 2,550,709 1,677,144 754,590 240,526 


This calculation has been made with the aid of official statistics 
published for the year 1925, the complete data for 1926 not being 
at present available. 

For the purpose of subsequent calculations only those products 
which required chemically treating are included, but it is necessary 
to point out that with the exception of Canadian oils which are high 
in sulphur content, the oils at present found within the British 
Empire are remarkable in requiring very little chemical treatment. 

The table for consumption, however, shows products which include 
those derived from foreign crudes, and which in many cases needed 
more drastic treatment in refining them than would have been 
the case if they had been entirely derived from Empire crudes. 

It is worth while considering that in the future such easily 
refined crudes may not be available, and that even if sources of 
crude supply become available which can supply the Empire's 
requirements entirely, it is more than likely that they may be of a 
refractory nature, highly sulphurous and asphaltic and require 
considerable chemical treatment. 

If the tar-sands of Alberta, or the large deposits of shale in other 
countries ever come to represent the main source of the Empire's 
petroleum requirements, the refining of the latter will not be nearly 
so easy as is the case with, for instance, the crude from Burmah. 

Again, the present trend of refinery activity is in the direction 
of utilising more and more the cracking of heavier oils for the pro- 
duction of motor spirit, and cracked products require more extensive 
refining than straight-run products. 

Having in mind the above it has been considered worth while 
investigating the probable requirements of the Empire in chemical 
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reagents, assuming that the consumption of products shown in 
Table VI represents the average necessities of its consumers. 

For this purpose a conventional treatment with acid and alkali 
with alkaline plumbite for motor spirit and kerosine, is taken 
as a basis, although naturally this method may be eventually 
substituted by others in certain cases. 

The hypochlorite process, which has been successfully applied 
with oils of the Persian type may be found applicable over a much 
wider range of oils, and would reduce the sulphuric acid requirements 
of the Empire. Again, it is not unlikely that existing market 
specifications as regards colour, and sulphur content of many 
products may be eventually relaxed and make the task of the 
refiner less onerous. 

Table VII has been prepared so as to represent the probable 
amount of chemical reagents necessary to treat the Empire's 
requirements in refined products starting from the quantities of 
finished products shown in Table VI, and making the necessary 
allowances for treating losses. 


Taste VII. 


EstTmMatep CHEMICAL REQUIREMENTS FOR REFINING THE Emprre’s REQUIREMENTS 
or Perroteum Propvcts. 


(All quantities in long tons per annum.) 





Products Sulphuric Caustic Lith- Fuller's 
(untreated). Quantity. acid=Sulphur or:— Pyrites. Soda. arge. earth or 
bauxite. 
Motor spirit .. 2,600,000 23,214,, 8148,, 16,296 2785 409 — 
Kerosine . . -- 1,700,000 29,219,, 10,256,, 20,512 2276 380 — 
Lub. oils . . -- 795,000 24,844,, 8720,, 17,440 2484 — 79,500 
Paraffin wax .. 245,000 7656,, 2687,, 5374 7% «— 6125 
Totals és és 84,933 29,811 59,622 8311 789 85,625 


As regards the Empire's ability to supply these requirements 
the following outlines very briefly the present position : Sulphuric 
acid : According to Sir Max Muspratt* the sulphuric acid trade 
in Great Britain is at present in a state of comparative torpidity. 
In 1915, before the real war expansion, the production in this 
country was 1,083,000 tons expressed as 100 per cent. acid, and 
the capacity 1,200,000 tons. In 1925 the production was 848,000 
tons, the capacity 1,400,000 tons: A drop of 235,000 tons in pro- 
duction, a gain of 200,000 tons in capacity. 

The same author points out the great alteration which has taken 
place in the proportions of acid made from imported and domestic 
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pyrites, from Spent oxide, from brimstone and from zinc and 
copper smelter fumes. ‘The comparative figures are as follows :— 



















































kali 
iken 1914 1925 
ally Proportion of total acid made from :— % % 
Imported Pyrites  .. se “4 o< 88-45 ee 47-0 
Domestic Pyrites oe oe ve os 0-5 os — 
lied Brimstone 4 a oe e a 0-3 ~ 23-5 
uch Spent Oxide .. oe oe oe oe 10-6 ¢» 24-0 
ents Zine and Copper fumes - oe os 0-15 e 5-5 
rket 100-00 ae 100-0 
pr The increase in the proportion of acid made from spent oxide 
is interesting, since this material is the only raw material available 
ble in England. It is derived from the gasworks industries in the process 
re’s | of desulphurising coal-gas, and it is possible that some of its 
of contained sulphur may come from petroleum gas oil which has been 
ary used for enriching the latter. 

7 The greater part of the world’s supply of sulphur is derived from the 
United States, Italy and Japan. Although deposits exist inCanada the 
latter country imports the greater part of its requirements from the 
United States. India also imports sulphur and so does Australia, 

_ although both these countries possess deposits and have experi- 
mented with the utilisation of smelter fumes. As regards the latter 
method of obtaining sulphur for acid manufacture, it is reported 
that a new factory at Coniston, Ontario, is utilising escaping gases 

r’s from nickel smelting works to manufacture 25,000 tons per annum 

Or of sulphuric acid. : 

- New Zealand exports a small quantity of sulphur but the supply is 
diminishing, and she imports considerably more than she produces. 

” The position in 1925 according to official statistics is as follows :— 

“ The British Empire :— 

aly, Produced 6% - mr .. 73,769 tons (From spent oxide) 

a Exported ‘ “a 303 

73,466 

its Imported on oe ss -- 345,046 (Excluding flowers 

ric of sulphur) 

le 418,512 

y: The United States is the greatest producer of sulphur and in 

- 1925 although the output increased by nearly 16 per cent., the 

id demand was so great that stocks had to be reduced by 450,000 tons. 

0 The exhaustion of mines in Louisiana resulted in the Texas 

- deposits becoming the chief source of supply, and altogether the 
indications are that a shortage of brimstone is likely at no very 

"| distant date, in which case the Empire may be dependent upon 

© | other sources of supply in order to meet its acid requirements. 
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In this connection it may be worth while pointing out the 
sulphurous crude oils and bitumens themselves as future providers 
of the element. A 30,000 bbl. refinery, handling a crude oil with 
a sulphur content of 3°5 per cent. takes into its stills daily 140 tons bleac 
of sulphur. If it burnt its own heavy residuum as fuel it would § treat 
eject about 14 tons of sulphur as sulphur dioxide from its § of pr 
chimneys, and about 7 tons as hydrogen sulphide from its uncon. Ba 
densed still gases. For the refining of its products it will need with 
somewhere about the equivalent of 14 tons of sulphur as sulphuric §j per 
acid per day, and it will utilise this in extracting only 2 tons of tons, 
sulphur from its products. 

We have then the anomalous position of a commercial establish. 
ment having to purchase 14 tons of sulphur as acid in order to 
extract 2 tons of the same substance from its product, while at the 
same time sending 21 tons of the same substance into the air from 
its chimneys ! 

In the case of petroleum refineries manufacturing their own 
acid, the contact process is preferred, although in some cases 
chamber plants have been erected in localities within easy reach 
of nitrate supplies. The contact process, when using brimstone, 
is easier to handle and occupies less space than the chamber plant, 
while unlike the latter there is no accumulation of by-product to 
dispose of. On the other hand, brimstone is almost a necessity C 
for the successful running of a contact plant under refinery con- refi 
ditions unless an elaborate dearsenicating system is installed and nee 
some outlet exists for disposing of the burnt mineral. 0 

While Great Britain depends almost entirely upon imports for *¥ 
its supplies of pyrites, important deposits exist in South Africa, Pet 
Canada, Newfoundland, and Cyprus, although they are not exploited 
to their full capacity. Australia possesses a small amount, and 
also utilises the fumes from the roasting of lead-zinc ores, but - 
the amount of acid produced falls short of its requirements :— 





vis. 
The Empire's position in 1925 was as follows :— cor 
Production ee - - -+ 195,000 in 
eee a oe) Oe ee of 
15,879 : 
Exports .. o ae - -- 275,322 me 
291,201 bee: 
sol 
Fuller's Earth and Bauxite.—Very little information is available tir 
as regards the true production within the Empire of fuller’s earth. on 
In 1924 India produced 4078 tons as against 27,696 in 1923 
while Australia produced 50 tons only in both years. Undoubtedly, co 


the United States is the main source of supply and in 1925 it de 
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produced 184,441 tons. English earth although serviceable in 
the treatment of vegetable oils, has not found much favour with 
refiners of petroleum products, and although a large number of 
bleaching earths are prepared in foreign countries, by special 
treatment, the Empire has done comparatively little in the way 
of providing a substitute for the natural Floridin. 

Bauxite is used quite extensively but does not work successfully 
with all types of oil. The British Empire produces about 16 
per cent. of the world’s supply which in 1925 totalled 1,290,000 
tons, the Empire’s position being approximately as follows :— 











Tons. Tons. 
Production : 
Northern Ireland .. ee ‘s ws 5040 
British Guiana .. od -. 194,339 
India a -_ _ - = 11,000 
Total ei a .. 210,379 210,379 
Exports : 
British Guiana .. ns - - 174,999 
35,380 
Imports : 
Great Britain ee ee ee ee 74,850 
110,230 


Caustic Soda and Litharge—These two requirements of the 
refining industries do not require discussion, since for the amounts 
needed the British Empire’s resources would be more than adequate. 


Other Refinery Supplies.—It may be of interest to mention a few 
of the manufacturing supplies which while not peculiar to the 
Petroleum Industry, are nevertheless to be catered for when 
considering the possibility of the British Empire having to stand 
on its own legs with regard to such material. No attempt has 
been made to review its position from a quantitative viewpoint 
vis-&-vis its competitors in the field of endeavour, but taken in 
conjunction with the estimate already made of its requirements 
in refined products, the estimates herewith presented may be 
of interest. 


Asphalt Barrels—In order to meet the Empire’s annual require- 
ments in barrelled asphalt about 1,885,440 sets of cooperage 
would be required. The United States and Canada are the main 
sources of supply, and it is estimated that for average classes of 
timber it would require 1,500,000 cubic feet of wood to supply this 
quantity. 

Tin Cans and Solder—If half the motor spirit and kerosine 
consumed within the Empire, and all the lubricating oil, were 
delivered to the consumer in 4 gallon cans, there would be needed 
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184,000,000 cans per annum, which would require at least 2464 
tons of solder in their manufacture. It is probable that the Empire 
is self supporting as regards the steel, lead and tin required. 


Wax Plant Supplies——The annual consumption of wax would 
under normal working conditions require the Empire’s wax plants 
to be supplied with 741 tons of calcium chloride and 328 tons of 
anhydrous ammonia, in order to make good the usual wastage, 
Cotton filter blankets represent a special class of manufacture 
which was formerly manufactured principally in the United States, 
but British enterprise has successfully overcome the technical 
difficulties and now blankets in every way equal to the imported 
article can be turned out by Imperial looms. 


Refinery Constructional Material and Plant.—This is a very 
comprehensive subject which could scarcely be treated adequately 
within the limits of the present article. In a general sense it 
would appear that as regards the greater part of the steel work 
required in refinery installations the British Empire does not 
need to go outside its own frontiers to meet its requirements, 
either in raw material or finished component. Not many years 
ago storage tanks of the size and type required by the Petroleum 
Industry were largely supplied by other countries. The same may 
be said of stills, pipe-line material, filter-presses and other special 
appliances. The position is very different to-day, however, and 
a large number of firms within the Empire are in a position to 
cater for the requirements of even a very large refinery, and are 
probably only limited by geographical considerations from becoming 
serious competitors of the former alien specialists. 

Outside of those materials which are common to any large 
engineering undertaking, there are few which the petroleum industry 
looks upon as indispensable, and upon which any doubt could 
be entertained as regards the ability of the Empire to supply it. 

Asbestos is needed as an important component of heat resistant 
packing material, for which no efficient substitute could be found. 
It is produced by Southern Rhodesia, Canada, Cyprus, India, 
Australia and the Union of South Africa the position in 1925 
being approximately as follows :— 








Production ats a “- .. 292,000 
Exports .. e4 ale ok .. 280,883 
11,117 
Imports .... “ A .. 59,224 
70,341 


From this it would appear that the Empire could meet its 
requirements without going outside. 
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Fireclay, diatomaceous earth and similar material could probably 
be supplied from Empire resources as far as the petroleum industry 
is concerned although at present it imports rather more of the 
latter material than it produces. On the other hand, it could 
probably be substituted by other material as regards its use as 
an insulator. The position as regards platinum for contact 
sulphuric acid plants is a little difficult to define. The Empire 
produced 4000 troy ounces in 1925, and imported about 93,000 
ounces while exporting 8050 ounces. But platinum is not a 
material which is consumed in the sense of being destroyed, and 
therefore the position of the Empire for supplying prospective 
acid plants, could only be reviewed with a knowledge of its available 
stocks, and information regarding this is presently unavailable. 


Technical Staff—As a comparatively recent entrant into the 
arena of petrolific competition, the British Empire has had to 
depend very largely upon the services of alien technologists, in 
the past decade, in order to develop its own resources. While 
the Scottish Shale Industry may be regarded as the parent of the 
great Petroleum Industry which flourished on the other side of 
the Atlantic, it is undoubtedly due to the exceptional opportunities 
for development in situ that the descendants of that parent have 
for long been able to act as technological mentors to their cousins 
on this side. 

In everything except on the purely engineering side of the 
refining industry, Great Britain and its Colonies have for many 
years been content to obtain technical assistance from other 
countries which had been engaged in petroleum refining. The 
advent of the Great War revealed the weakness of the Empire 
in this respect, and since the armistice the measures taken to 
correct it have steadily developed. For this result, the enterprise, 
foresight and generosity of the great petroleum companies which 
are operating within the scope of the Empire's political or financial 
control, are largely responsible. But the Government itself has 
long been aware of the necessity for providing from within its 
frontiers the technical assistance needful for not only exploring 
its potential resources but also for exploiting them in the national 
service. 

At several educational centres special courses of instruction 
are provided for training petroleum technologists, whether on 
the geological, engineering or refining side of the industry, while 
opportunities are constantly provided for young men to learn 
the practical side of refining in installations within their reach. 

The outlook for the future is therefore very hopeful, and against 
such time as may elapse before the Empire is possessed of sufficient 
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crude supplies to guarantee its independence, it may confidently 
rest in the assurance that it will have all the necessary facilities 
both in “ men and metal ” to turn those supplies to useful purpose, 

For much valuable assistance in compiling the information 
contained in the above the Author is indebted, and desires to B 
record his gratitude, to the following :— 


The Chemical Department of The Asiatic Petroleum Company, § Tue « 


Ltd. natiot 
The Chemical Department of The Anglo-Persian Oil Company, §f and t 
Ltd. world 
The Agwi Petroleum Corporation, Ltd. fuel f 
Messrs. Cory Brothers & Company, Ltd. pends 
Messrs. Silvertown Lubricants, Ltd. cut 0} 
The London & Thames Haven Oil Wharves Ltd. or dt 
Col. The Master of Sempill, representing The Cross Cracking § Diese 
Process. in the 
Dr. V. Henny, of the Universal Oil Products Company. with 
The Staff of The Institution of Petroleum Technologists. a gret 
will | 
sion 
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Possible Auxiliary Sources of Liquid Fuels. 


By Prof. Aurrep W. Nasu, M.Sc., M.1.Mech.E., F.CS. 
(Member). 


THE essential need of an internal source of liquid fuel to a belligerent 
nation was demonstrated beyond question during the Great War, 
and the motive which is now urging on the greater nations of the 
world to seek for some cheap substitute for petrol or other liquid 
fuel from their own resources is undoubtedly a desire to be inde- 
pendent of foreign supplies which might be curtailed or completely 
cut off, not by failure of natural sources, but by war-time conditions 
or due possibly to political pressure. The development of the 
Diesel engine both for stationary and marine purposes, and possibly 
in the future for light vehicles both on land and in the air, together 
with the increase in the development of power generally, will cause 
a greater demand for crude oil in the future. Although this demand 
will be met, undoubtedly, by the Petroleum Industry as the occa- 
sion arises, it nevertheless gives cause for serious consideration 
to a country which depends practically entirely on supplies from 
overseas. 
Power Alcohol. 


The amount of alcohol used to drive internal-combustion engines 
is small compared with gasoline, but varies considerably in different 
countries. Fermentation processes for this depend largely on the 
possibility of obtaining fermentable substances as by-products 
in other industries. An example is the production of alcohol 
from waste liquors from the treatment of wood by the sulphite 
process. Germany, Norway and Sweden are countries in which 
this particular waste product is used. 

In Great Britain, however, a process of this kind appears to be 
impracticable owing to the lack of sufficient raw material. 

A further source of alcohol is from the reduction of acetaldehyde 
formed by the catalytic combination of acetylene and water. 
This process is carried out by the Lonza Company, but has been 
abandoned in Great Britain on commercial grounds. The cost 
of calcium carbide is the important factor of the process. 

The production of alcohol by the absorption of ethylene from 
coal gas and coke oven gas in sulphuric acid was at one time thought 
to be promising, but the reconcentration of the acid has been found 
to be a greater expense than the process could bear. A further 
development has been made recently—namely, the neutralising 
of the sulphuric acid with ammonia, thereby yielding ammonium 
3c 
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sulphate and freeing the alcohol, which would appear more 
hopeful. 

Ethyl alcohol as a fuel for internal-combustion engines is only 
equivalent to three-quarters of its volume of gasoline, yet mixtures 
have been shown to be quite satisfactory fuels. Natalite, a mixture 
of 40 per cent. ether and 60 per cent. alcohol with about 0°5 per cent. 
castor oil could be quoted as an example, and for this fuel a slightly 
larger carburettor jet is necessary. To obtain the maximum 
number of miles per gallon with alcohol the compression ratios 
of the present-day type of engines would need to be increased. 

The Power Alcohol Committee of the Ministry of Agriculture 
and Fisheries (1926)! have shown that since alcohol has a much 
lower vapour pressure (at atmospheric temperatures) than either 
petrol or benzol, starting difficulties will be experienced. So low 
indeed is the vapour pressure of ethyl alcohol that it requires a 
temperature of 25°C. (77°F.) to form the weakest explosive 
mixture at atmospheric pressure. 

Ricardo points out that the temperature at which starting is 
possible would be appreciably lowered by the presence of 10 to 
15 per cent. of ether in the alcohol mixture. With such a small 
proportion of ether, however, it is not possible with most car- 
burettors to start the engine from cold. Alcohol is a very clean- 
burning fuel, and in this respect greatly superior to benzol. 


Oil-Shales, Torbanites and Tar Sands.—The search for oil-shale 
and similar bituminous materials has not been prosecuted with any 
great seriousness up to the present, nevertheless, it is known that 
deposits exist in practically every country in the world. Whilst 
having one characteristic in common, in that the oils they yield 
do not exist in the inorganic material as such, but are the result 
of decomposition of the organic matter, various oil-shales behave 
quite differently on distillation, and it is not suggested therefore 
that all difficulties connected with their commercial utilisation 
have been overcome. Certain problems, which are chiefly technical, 
still remain, but the past history of the Scottish oil-shale industry 
affords an excellent example of how these technical difficulties 
can be solved when the necessity arises. 

Tar sands have been mentioned because of their particular 
interest to those concerned with petroleum in Canada and also 
in view of their potential value, if only as cracking stock. 

The tar sands of Northern Alberta, more commonly known as 
the Athabaska Tar Sands, consist of asphaltic material mixed with 
sand of varying degrees of fineness. These sands contain from 7 to 





? Report on Power Alcohol Production—Ministry of Agriculture and 
Fisheries, 1926, p. 4. 
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20 per cent. by weight of recoverable oil, and this, when extracted 
by superheated steam, resembles a soft, sticky pitch containing a 
considerable amount of water in suspension, with a varying sulphur 
content up to about 4°5 per cent. As a fuel oil it is useless in its 
natural state owing to its being so extremely asphaltic and viscous 
—being practically solid at ordinary temperatures. 

These tar sands are situated on the Athabaska River about 300 
miles north of Edmonton, and whilst the extent of the deposit is 
not yet definitely known, they are said to cover an area of several 
hundred square miles. The east bank of the river is practically 
a continuous outcrop of the bituminous sand for a distance of 
about 60 miles, in some places reaching a height of 200 ft.: the 
overburden in that portion of the area which has been investigated 
varies from a few feet to 200 ft. in thickness. 

Three methods have been proposed for the utilisation of these 


bituminous sands :— 


(a) The separation of the oil and sand by washing with a dilute 
solution of a salt which is capable of reducing the surface tension 
of the water in suspension, followed by hot-water flotation. 

(6) The “topping” of the bituminous sand in closed retorts, 
similar to the methods employed in the destructive distillation 
of oil-shale. 

(c) Mixing of the bituminous sand in its natural state with 
additional sand or crushed limestone for use as a paving material. 


A further method has been suggested, but as it has not yet 
developed beyond the experimental stage, it is impossible to 
express any opinion as to its practicability. It consists of drilling 
holes in the ground into which are lowered two pipes, one within 
the other: steam is blown down the annular space at pressures 
up to 200 Ib. to the square inch and enters the sand through per- 
forations at the bottom. 

The oil which collects at the bottom of the sump is blown up 
the centre tube by means of the steam pressure and fractional 
separation takes place at the surface. 

As already stated no opinion can be expressed as to its com- 
mercial application, but in view of the fact that the natural bitumen 
is so extraordinarily unstable when heat is applied, which will be 
shown later, it would appear that providing sufficient heat is con- 
veyed to the sand, the problem of extraction is not only a lowering 
of the viscosity of the tar by physical means, but also probably 
partial decomposition, and theoretically would appear feasible 
although the separation of the resulting emulsion would present 
some difficulty. 

302 
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For the purpose of this paper schemes (a) and (5) only will be 
considered in detail. 

From the point of view of refining the first suggestion would not 
appear to be so satisfactory as scheme (6). For instance, the 
density ® being from 1-018 to 1-022, great difficulty is experienced 
in freeing the oil from the water, and even after this is done as far 
as possible by preliminary heat treatment, excessive frothing 
due to the suspended water has been found to occur on distilla- 
tion. 

The natural oil obtained by separation has the following charac- 
teristics * :— 


Solvent. Per cent. Nature of 
solubie. residue 

Carbon disulphide ee es 100 
Carbon tetrachloride 7” _ 100 
Chloroform. . ‘ os ee 100 es 
Benzene... - oe ee 98 ee black solid. 
Ether (hot) e% sh es 86-9 ee brown solid. 
Acetone (hot) oe ov oe 70 ot brown solid. 
Alcohol (hot) ee we os 33 . brown solid. 
Sulphuric acid conc: .. oe 100 (after several days) 
Nitrie acid, conc: ° 100 (after several days) 


An oil emulsion dnieabid by flotation has been examined in our 
own laboratories by heating in an oil bath in a stream of nitrogen 
to 200°C. The distillate obtained (25-9 per cent.) was chiefly 
water. 

The oil residue in the flask was then transferred to a Fischer 
aluminium retort and distilled to 450° C., yielding 63-8 per cent. 
of oil and 26-5 per cent. of coke: distillation of a second portion 
gave 65-3 and 23-7 per cent. of oil and coke respectively. The oil 
was fluorescent, mobile and gummed on standing. 

To this was added the small amount of oil which had distilled 
over with the water in the stream of nitrogen and the whole was 
labelled “crude distillate.” 

Distillation of the crude distillate in an Engler flask (100 c.c.) 
standard I.P.T. conditions, gave the following results :— 


I.B.P. 60° C. 

Fraction to 175° ee 7 per cent. by vol. 
175—225° oe OS 0 i 
225—300° ee 1S ws oo! be 

Above 300° * 66 ” ” ” 


Sulphur content :— 
Crude distillate 2-98 per cent. 
Fraction to 175° C, 1-64 ,, 
175—225° 2- 61 ” ” 
225—300° 2-75 ,, 
Above 300° 3-38 , , 


* Journ. Am. Chem. Soc., 








1921, 43, 1337. 
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Comparison with Trinidad and Bermundez asphalt (loc. cit.) 
shows the Alberta bitumen to have a greater oily and resin content, 
but the percentage of asphaltenes is lower :— 


Alberta Trinidad Bermundez 

per cent. , per cent. per cent. 
Saponifiable matter . . 2-0 ee 10-3 ee 5°5 
Asphaltenes .. ee 22-5 oe 37-0 oe 35-0 
Resins se 24-0 o- 23-0 ee 14-4 
Oily constituents .. 51-5 oe 31-0 ee 39-6 


Its ultimate composition is: 8, 2-73 per cent. ; C, 84-49; H,, 11-23; N, 0-04 

The second scheme (b) would appear to offer better possibilities, 
in view of the peculiar chemical nature of the bitumen. 

Distillation of the bitumen without decomposition is impossible 
at atmospheric pressure, as cracking takes place below 100°C., 
and even under considerably reduced pressure cracking begins at 
150° C. After separation from the sand the tar, freed from asphal- 
tenes and petroleum resins by Marcusson’s method, was found to 
have the following characteristics (loc. cit.) :— 


a” a 0-927 Sulphur 1-87 
n*® se 1-500 85-76 
Opt. activity dextro 1-5—1-6 Hydrogen 12-19 
Viscosity at 25° C.—20-0 Iodine No. 2-1 


Molecular weight 350-0 

The distillate above 100° C. possessed a red colour and a rank 
odour whilst that below this temperature was a clear colourless 
limpid oil with a strong turpentine odour. 

All distillates, although only slightly unsaturated, dissolved 
completely in concentrated sulphuric acid, whereas the loss with 
liquid sulphur dioxide was only 1 per cent., when all disagreeable 
odour was removed. 

From the result of combustion, substantiated by molecular refrac- 
tive power, it was concluded that the three series of hydrocarbons 
present were CaHy,, C,H», and C,H, ,. 

As the molecular refractive index and the molecular volume 
indicate no unsaturation, the suggested structures of these hydro- 
carbons are in the case of the C,H,,.. series, either two phenyl 
groups linked together with the appropriate number of methyl 
or ethyl radicles, or of the saturated naphthalene type; in the 
case of the C,H,,, compounds, tricyclic ; and with the two of the 
C,H,, compounds, naphthenes with methyl groups attached. 

The commercial product obtained by the distillation of the 
bitumen from the bituminous sand are as follows * :— 


Refined —* se .. 45 per cent. 
Gas. ee ee 5 ” 
Ref. Losses be oe oo = *” 
Pitch oe ee ee i. §& * 
Coke oe ee -- 2 » 





* S.I.R.C., Alberta, 2nd Annual Fiwin p. 54, 1922. 
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Distillation range of the crude distillate obtained by retorting :— 


% % 

70°—150°C .. 9-7 
150°—230°C .. 9-1 Water by vol. ee oo 3 
230°—260°C .. 49. 
260°—300°C .. 13-3 Sediment .. “4 ce 
300°—325°C .. 18-6 
326°—350°C .. 14-0 Oil by vol... os -- 963 
350°—380°C .. 23-0 
Residue and loss 74 Sp. Gr. ee ee -- 0-937 


The crude distillate therefore should make a good fuel oil and in 
view of Mabery’s work regarding the value of the above hydro- 
carbons for lubricants it is possible that the lubricating fraction 
(provided these compounds remain unchanged), said to be about 
50 per cent. of the crude distillate (loc. cit.), might be first 
extracted from the lightly topped oil, and the balance used for 
cracking stock, although coke formation would appear to be a 
difficulty. 

In refining the lubricating fraction, a physical method would 
undoubtedly be necessary; whilst a proportion of the sulphur 
content would be eliminated during distillation in the form of 
sulphuretted hydrogen, nevertheless the sulphur question is one 
to be considered in view of the possibility of corrosion in the distil- 
lation plant. 

With regard to the possibility of cracking Alberta bitumen 
the following preliminary experiments, carried out in our labora- 
tories, are of interest. 

A sample of bitumen, largely freed from water, as described 
previously, was divided into two portions; one was submitted to 
cracking in an atmosphere of nitrogen, and the other hydrogenated 
under Bergius conditions. In the cracking experiment no initial 
pressure was employed and the temperature was taken up to 
450° C., and maintained there for an hour. Pressure developed 
during the heating. In the case of the hydrogenation an initial 
pressure of 46-4 atmospheres of hydrogen was used; time 
and temperature conditions being similar to the cracking 
experiment. 

The experimental results, yields of distillates and bromine values 
(McIlhiney) are tabulated below, and compared with the fractions 
obtained by direct distillation of the bitumen from the Fischer 
aluminium still. 

As these experiments have only just been commenced the 
results are put forward as tentative only, as the optimum conditions 
for both cracking and hydrogenation have not yet been worked 
out. They tend to confirm, however, the view already put 
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forward regarding the difficulties likely to occur from coke forma- 
tion under cracking conditions. 


Pressure in atm. Yields % on dry bitumen. 
. , , . ; Gas and 
Experiment. Init. Max. Final. Oil. Coke. loss. 
Cracking (1 hr. at 450° 
C.). Bitumen: Water 1 78-4 15°5 41:3 29-0 29-7 
2:7%, ash and sus- at the 
pended matter 3-5% max. temp. 


Hydrogenation (1 hr. 
at 450°). Bitumen: 46-4 131-5 38-6 50°5 21-6 27-9 


Water 46%, ash at the 
and suspended mat- max. temp. 
ter 6-0% 
Direct distillation. 
Bitumen: Ash and — — — 62-4 22-5 15°1 
suspended matter 
487% 


Percentage volume of distil- 
Engler distillation of oils. lates on volume of original 


Percentage volume. bitumen. 
Hydro- Direct Hydro- Direct 
Experiment. Cracking. genation. distilla- Cracking. genation. Distilla- 
tion. tion. 
I.B.P. .. - WC 42°C. 66° C. — — — 
Fraction up to 
175° -- 388 42-5 7-0 18-2 21-1 48 
175—225° -- 166 15-0 6-0 7:3 7-4 41 
225—300° .. 21-2 20-0 21-0 9-9 9-9 14-4 
Above 300° .. 24-4 22-5 66-0 11-4 li-l 45-2 


Bromine Vatves (McILurmney) anp Loss to SutpHuric Actp. 


Expt. Fraction to 175° C. 175—225° C. 
Loss to Loss Loss to Loss to 
Br. value. 80%  t098% _ Br. value. 80% 98% 


Subs. Addn. H,S0, H,SO, Subs. Addn. H,SO, H,SO, 
Cracking 10-)4 28-89 No appre- 20% 15:28 927 No appre- 60% 
ciable loss ciable loss 
but char- but char- 


ri in ri in 
H,S0, #80, 
Hydro- 827 17-08 No appre- 15% 1231 531 No appre. 65% 


genation ciable loss cia 
but char- but char- 
ring in ri in 
H,S0, H 'e 

Direct 10-97 52-08 No appre- 35% 14:87 34-03 No appre- 35% 

distilla- ciable loss ciable loss 

tion but char- but char- 


iho," 
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Turning now to more advanced methods of motor fuel formation, 
it should be mentioned that certain countries in Europe are especi- 
ally concerned with the production of lubricating oils and fuels for 
internal and external combustion as so far as can be judged at 
present they do not appear to have been so liberally endowed by 
nature as is the case in other parts of the world ; consequently an 
impetus is given for the investigation of substitutes for these com. 
modities from other raw materials. 

In this country and in Germany, coal is looked to for this purpose, 
one reason for its use being the over-production, particularly of coal 
of inferior value and sortings, and it is certain that we must look 
upon this material as the national reservoir of fuel oil for use in case 
of emergency even if it cannot profitably furnish this commodity 
in normal times. 

Three methods will be considered in the following order, although 
as will be seen later, the first and last can be worked together. 

(a) Low-temperature carbonisation of coal. 

(6) Berginisation. 

(c) The conversion of water gas into liquid fuels. 


Low-TEMPERATURE CARBONISATION. 


Much attention has been given to this problem both in Great 
Britain and on the Continent ; indeed, Germany has been carbonis- 
ing her younger coals for some years now with considerable success. 
The problem so far as this country is concerned is not quite the 
same, however, because of the marked difference in composition of 
our bituminous coals compared with the coals largely used in 
Germany for this purpose, and consequently the marked difference 
in the products obtained. 

Nevertheless the known main natural source of energy in this 
country at present, excluding the Sun, and for that matter of the 
World, is coal, the located deposits of which exceed many times 
those of any other kind of natural fuel. Coal is the chief storehouse 
of our unrealised natural wealth and whilst most people regard it 
solely as a fuel, scientists are anxious that it should be treated as 
a raw material from which fuel, amongst many other things, may 
be obtained. 

High temperature carbonisation of coal has been working suc- 
cessfully for many years, and the tar derived therefrom is known 
to contain between 300 and 400 substances of which about half 
have been isolated and can be divided into classes—neutral, acidic 
or basic ; the number of tar derivatives obtainable is well over 2000. 

Low temperature carbonisation is still in its infancy, and the 
value of the tar obtained thereby is at present unknown: 
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fractionation by distillation is no guide whatsoever, excepting 
4s &@ measure of volatility. 

Statements have been made to the effect that it is impossible to 
“erack”’ low temperature tar successfully and so obtain an 
increased yield of motor spirit, but such views should be accepted 
with caution, as sufficient experimental evidence has not yet 
been forthcoming to enable a definite opinion to be expressed. 
Tars from different coals and from different methods of retorting 
vary to such a considerable extent, and our knowledge of this 
material being so slight, it would be dangerous to dogmatise on 
any such point. Coke formation would appear to be one great 
difficulty. 

In regard to low temperature carbonisation generally, it should 
be mentioned that in Great Britain over 200 processes have been 
put forward in various stages of evolution: of these from ten to 
fifteen have reached what might be described as the technical 
stage, but only three or four methods have grown to the really 
large scale stage of development. The chief drawbacks would 
appear to be our lack of knowledge of the thermal conductivity of 
coal and its behaviour under carbonising conditions, either in the 
raw or fluid state; and the losses due to the powdering of the 
semi-coke, which vary considerably with the method of retorting, 
and invariably exceed 10 per cent. The last difficulty might be 
overcome by a process which will be suggested later. 

As already indicated, the yields of the various products may 
differ, as do the chemical and physical properties of the tars 
obtained, according to the coal used, the conditions under which 
the tars are prepared and the type of retorting system employed, 
but true low temperature carbonisation yields roughly about 
l4 cwt. of semi-coke, 14 to 20 gallons of water-free tar, and from 
3000 to 5000 cubic feet of gas from one ton of coal. The tar 
would yield about one and a half or two gallons of light oils, while 
about one and a quarter gallons of light spirit can be extracted from 
the gas by scrubbing. 

So long as the tar production is looked upon as the primary 
product in normal times, low temperature carbonisation will never 
develop in this country; the production of smokeless fuel must 
be the chief object and the production of liquid fuel considered of 
secondary importance: in other words a by-product. Further, 
it is very doubtful, excepting in a few isolated cases where higher 
temperatures are used and depending largely on the type of coal 
carbonised, whether the yield of sulphate of ammonia will ever 
reach more than a few pounds per ton, and in true low temperature 
carbonisation the extraction of the ammonia will prove to be a 
definite loss. 
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The value of low temperature tar will also depend on its suita. 
bility as a source of pure chemical substances, a problem on which 
several chemists are at present working. 

In their study of the tars and oils produced from coal, Sinnatt, 
King and Linnell‘ have given some interesting experimental 
evidence regarding the behaviour of low temperature tars obtained 
under varying carbonising temperature conditions ranging from 
400° to 700° C. In the carbonising unit used®, the rate of heating 
of the coal was slow at 400° C., increasing at higher temperatures : 
gas, water and tar evolution rates for each temperature were 
plotted against time and the results are of extreme importance to 
those interested in this problem. 

Briefly, the maxima for tar and gas production were found to 
coincide approximately up to a temperature of 550° C., whilst 
at 660° the peaks extended over a longer interval; above this 
temperature they diverge, the gas maxima occurring later than 
those of the tar. 

The yield of tar examined increased to a maximum at 550° C. 
retorting temperature and then decreased steadily, such yield 
at this temperature being 17-65 gallons per ton, or 67-7 per cent. 
of the yield obtained by laboratory apparatus which might be 
described as the theoretical. Steady increase in specific gravity 
took place with increasing temperature, but above 550° C. the 
increase was accelerated. The temperature of 550° C. therefore 
would appear to be a critical one as secondary decomposition at 
the expense of the tar was demonstrated by the increasing specific 
gravity and gas evolution above this point. 

For three reasons the study of the aqueous distillate from low 
temperature carbonisation is essential ; first, because it contains 
organic compounds, especially phenols; secondly, because of the 
possibility of the vapour and distillate affecting the condensing 
plant ; and lastly, in view of the probability of the liquor having 
to be disposed of as an effluent. 

In this investigation the aqueous distillate was found to be 
acidic (a matter of considerable importance from the practical 
standpoint) at lower temperatures due to the presence of hydro- 
chloric acid, at 500° to 550° neutral, and above this temperature 
it was alkaline due to ammonia. The amount of ammonia present 
did not appear to warrant its recovery as ammonium sulphate. 

The special tars from the different carbonising temperatures 
were examined, and it was found that the lighter fractions—.c., 
up to 230°, increased in amount to a maximum at a carbonising 
temperature of 550°. Above this temperature they decreased 


4 J. Soc. Chem. Ind., 1926, 45, 385r. 
5 Report of F.R.B. 1920/21, Section 1. 
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rapidly at first and later more slowly: the middle fraction in- 
creased rapidly in amount to a maximum at the same temperature 
and then decreased. Increase in the amount of the lightest 
fraction was even more rapid than that of the middle fraction, but 
it did not reach a maximum until a carbonising temperature of 
550° was reached. 

These changes were accompanied by continuous increases in the 
amount of pitch formed, with marked acceleration as the cdr- 
bonising temperature rose from 500° to 550°. Decomposition 
occurred with the 400° tar at 345° C., with the 650° tar at 325° C., 
and the 700° tar at 330°. The 450°, 500°, 550°, and 600° tars 
were each distilled to 360° C. Under a reduced pressure of 20 mm. 
the distillates obtained coloured more rapidly on keeping than did 
those obtained at atmospheric pressure. 

Whilst the pitches did not receive exhaustive examination it 
was found that they increased in hardness with rise in carbonisation 
temperature. Those obtained from tars produced at 600° and 650° 
were abnormal, as they fractured when allowed to cool in bulk and 
were extremely brittle. The 550° pitch exhibited this property 
also to a lesser degree, whilst that from 700° tar, although showing 
no tendency to fracture on cooling, was nevertheless hard and brittle. 

After removal of the phenols and bases the neutral oils were 
thoroughly washed with slowly increasing strengths of sulphuric 
acid to prevent as far as possible the decomposition of the un- 
saturateds. 

Changes in the main constituents due to any critical temperature 
of carbonisation was not marked: the phenols were about 29 per 
cent. in the 450°, 500° and 550° tars, and then began to increase. 
The amount of unsaturated compounds also showed an increase 
above 550°—e.g., in the 400° tar the proportion of unsaturated 
oils was 44 per cent., and saturated oils 29-8 per cent. ; in 700° tar 
unsaturated oils were 52-2 per cent., saturated oils 6-2 per cent. 
An appreciable proportion of the saturated oils produced at low 
temperatures was wax, but solid paraffins were not found in oils 
produced by carbonisation at a higher temperature than 600°. 

The weights of the fractions obtained by the distillation of the 
crude oils, the neutral oils and the saturated oils were summarised 
by these investigators as follows :— 

(1) The removal of the relatively large proportions of phenols 
from the middle fractions increases the proportions of the lighter 
fractions in the neutral and saturated oils. This effect is similar 
for all oils, and the middle fractions are correspondingly reduced. 

(2) The residues remaining after the final temperature of 354° 
is reached are approximately the same in each case for crude and 
neutral oils. The proportions are about 5 per cent. and 9 per cent. 
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for the 400° and 450° oils, rising to a maximum of about 15 per cent, 
for the 550° and 600° and decreasing again to 9 per cent. and 5 per 
cent. for 650° and 700° oils. The residues obtained when th 
saturated oils are distilled is considerably greater, but showe the 
same variations rising from 16 per cent. in the 400° oil to a maximum 
of 30 per cent. in the 600° oil and falling again to 20 per cent. ip 
the 700° oil. 

A tar produced on a large scale from a unit of two vertical retorts 
capable of dealing with 4} tons per day was examined in a similar 
manner to that just described. The coal used was Dalton Main, 
which yielded 15-14 cwt. of smokeless fuel, 5188 cub. ft. of 719 
B.Th.U. gas and 16-7 gallons of tar di} =1-050, this tar yield being 
61 per cent. of that obtained from an assay experiment. Th 
tar was found to be substantially similar in characteristics to that 
previously described. 

In a previous paper by the Author and another* a statement 
was made to the effect that the tar from carbonised coal could 
never replace natural petroleum in normal times, because it was 
not only of poorer quality, but the variety of products for the 
purpose in mind was very limited—e.g., lubricants, vaseline, 
asphalt, etc., were missing, and there was a very high percentage 
of low-quality pitch left as residuum ; also that low-temperatur 
tar, when subjected to ordinary distillation yielded an oil consisting 
largely of unsaturated hydrocarbons, together with paraffins, 
naphthenes and probably smaller quantities of aromatics, together 
with phenols, consisting of cresols, xylenols and others of unknown 
constitution, and nitrogenous bases. 

The above quoted work would appear to confirm substantially 
the majority of the facts put forward in this statement which 
represents a fair description of low-temperature tars in general. 

It will be noticed that the yields of the tars mentioned in the 
work under review represented in practice 67-7 and 61 per cent., 
respectively, of that obtainable by the laboratory assay apparatus 
of Gray and King, and with one exception, where 80 per cent. of 
the theoretical was obtained, commercial yields may be taken to 
vary between 50 and 70 per cent. of the theoretical. 

Tar yields by low-temperature carbonisation do not appear to 
be very much higher than in gas manufacture practice and the 
percentage of phenols in the primary tar may be as much as from 
30 to 40 per cent., and even higher in some cases. The value of 
the phenols as such, should low-temperature carbonisation ever 
become a prosperous industry in this country, is a moot point, 
bearing in mind the quantity which could then be produced ; their 





* Journ. Inst. Petr. Techn., 1924, 47, pp. 854-871. 
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conversion to valuable hydrocarbons by hydrogenation should be 
», but this introduces a further process of an expensive 


Contrary to the generally accepted view hitherto held as tu the 
value of strongly phenolic oils for Diesel engine purposes, Spilker’ 
states that these are quite suitable for this purpose. 

_A 500 h.p. Diesel engine was run by him successfully for three 
months on a coal-tar having 40 per cent. of phenolic substances, 
without any trace of corrosion and without any difficulty of opera- 
tion. Such oils are stated to suffer from the disadvantage, common 
to other fuel oils, of containing sulphur compounds which are 
injurious to some metals. Phenolic oils which do not contain 
objectionable sulphur compounds give satisfaction, the decrease 
in calorific value, compared with that of a non-phenolic oil, being 
from 1 to 1} per cent. for a content of 10 per cent. of the higher 
phenols. Phenols, although acidic, are stated not to attack any 
of the metals which enter into the construction of Diesel engines. 

These facts suggest vast possibilities for the utilisation of such 
oils if the necessity should arise, or in the event of their production 
in bulk becoming established. 

The motor fuel fraction of low-temperature tar would make 
a good substitute for commercial petrol, but high refining losses 
are to be expected and physical methods would be preferable for 
this purpose than chemical. 

Low-temperature oils do not give fractions suitable for lubricants 
owing to their strong tendency to oxidise and a use has yet to be 
found for the pitch. The latter would need to be treated as a 
mixture of crude organic substances requiring considerable investi- 
gation before it could be utilised rather than a substitute for natural 
asphalt. 

Those fractions corresponding to the lubricating oil distillation 
range might be reduced for lubricants by a process of hydrogenation, 
but this would introduce a further complicated process and low- 
temperature carbonisation is already sufficiently complicated. 

The refining of a low-temperature tar such as would be obtained 
from bituminous coal in this country would not be so simple a 
problem as the working up of brown coal tar. 

For example, primary tar from bituminous coal is liquid at ordin- 
ary temperatures, whereas that from brown coal is semi-solid, which 
is accounted for by the fact that the former is rich in liquid phenols 
but poor in paraffin wax, whereas the reverse is the case with brown 
coal tar. The Deutsche Erdél, A-G., has marketed brown coal tar 
lubricants for some time, and although they are not equal to similar 





7 Bren Chemie., 1926, 7, 170-173. 
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products from petroleum from the point of view of lubricating quali. 

ties, purity, smell and pour point, nevertheless these oils have helped 
to reduce imports of lubricants in Germany to some extent, and 
appear to be of considerably more value than similar fractions 
obtained from bituminous coal tar. 

Again in the case of the primary tars obtained from bituminoy 
coals the separation of the dust, which all tars of this description 
carry in varying degree, even after passing through dust separators, 
depending on the method of carbonising and whether horizontal 
or vertical retorts are used, is a factor to be considered when it is 
borne in mind the amount of care exercised in keeping our stills, 
particularly of the cylindrical type, free from solid matter of this 
kind. The separation of the water in suspension, the amount of 
which varies not only with the conditions mentioned for dust 
collection, but also very considerably on the type of coal used and 
the thermal gradient applied throughout the process, is a further 
problem to be overcome in distillation : and finally the refining of 
the distillates and the losses to be encountered with our present 
methods of “ treating ’’ are all points needing investigation before 
these tars can be used, otherwise than as fuel for external and 
internal combustion. 

A further point of interest which is made clear as a result of the 
investigations of Sinnatt and his collaborators (loc. cit.) is that in 
treating filtered tar with various common organic solvents, in no 
case was complete miscibility of the soluble portion with petroleum 
fuel oil possible until 35 per cent. of the tar had been separated asa 
precipitate. This quantity was found to be 8 per cent. greater than 
the amount of pitch obtained by distillation, and this rules out 
one of the advantages of a separation method: if the yields of 
miscible oil were identical, it is still doubtful whether the cost of a 
separation process would not be greater than that of distillation. 
The oils from distillation and solvent separation do not differ 
greatly, however, and no advantage would appear to accrue from 
the latter. 

The method of low-temperature carbonisation which commends 
itself most to the author is that of carbonising at the furnace mouth 
and either using the semi-coke directly from the discharge box to 
the furnace to raise steam by means of a chain-grate or, better 
still, to pulverise the semi-coke and blow it into the furnace in a 
finely-divided form. In either method the uncondensable gases 
could also be burned in the furnace. 

By carbonising at the furnace mouth, the establishment of 
optimum conditions for carbonisation is not so essential: the 
increased efficiency in combustion which would be brought about 
by the use of pulverized semi-coke over that of raw lump coal 
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should more than meet the carbonisation losses in solid fuel; the tar 
obtained could be treated as a by-product of secondary importance. 

Such a method could be more easily adopted hurriedly than the 
building of unwieldly batches of large retorts, all requiring different 
carbonising conditions depending on the type of retort and coal 
used, as the units would of necessity be quite small and could be 
built locally. The number of central power stations using steam in 
Great Britain should make this scheme an attractive form of 
producing a liquid fuel within the country, particularly in times of 
stress, and increase our general boiler efficiency considerably. 

Very little work on a large scale has been done in this country 
on pulverised fuel, but considerable advance has been made in the 
United States, Canada, and on the Continent, and it is surprising 
that more steam is not raised in Great Britain by this means now 
that so much information is available on the subject. 

Although problems still remain to be solved, particularly in regard 
to the type of plant best suited for our own particular coals, espe- 
cially those of inferior grades by means of which much steam is 
raised in this country, nevertheless the principles are now well 
established. 

The average steam boiler efficiency in Great Britain is said not to 
exceed 60 per cent., which represents an efficiency loss equivalent 
to about 20 million tons of coal per annum. Where a mechanically 
stoked boiler is working under a steady load it is doubtful whether it 
would pay to convert the existing plant, but where sudden peak 
loads develop, pulverized fuel is the most efficient. 

This superiority in thermal efficiency would appear to increase 
with rise in the peak load and the suddenness with which it is 
applied. Interesting and valuable information regarding the 
advantages of pulverized fuel has been put forward by Chapman® 
and also Brownlie.*® 

Pulverized fuel firing owes its increased efficiency over all other 
practical means of solid fuel stoking partly to its ease of control, 
but mainly to its ability to reach and maintain efficiencies of about 
8 per cent. even when working at a load of four times the normal 
rating of the plant: this is due to the smaller excess of air needed 
to ensure complete combustion—e.g., 20 per cent. instead of, say, 40 
per cent. with lump coal; the smaller loss of carbon in the ashes 
which is under 1 per cent. instead of 2 to 5 per cent. or even greater, 
and to the lower flue gas temperatures which are about 200° F. 
instead of 400° F. or greater. 

By cooling the walls with air, enlarging the combustion chamber, 
reducing the velocity of the coal feed and the introduction at the 


* Fuel, 1925, 4, 340, 396, 420, 486. 
* Mining Mag., 1924, 30, 114; Jour. Inst. Elec. Eng., 1924, 62, 385. 
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bottom of the furnace of a water screen consisting of a series of 
water-cooled steel tubes, the erosion of the walls of the plant and the 
fusing of the ash have been eliminated. Further, the air circulating 
in the hollow brickwork is used to supply the bulk of the air for 
combustion. 

In general, pulverized coal is obtained by crushing the coal and 
passing it over a magnetic separator to remove iron particles. It is 
then dried down to 7 per cent. of moisture or less and pulverized in 
ball mills so that about 90 per cent. passes 100 mesh and 65 per 
cent. passes 200 mesh. The coal is then conveyed to feeders where 
it is mixed with 10 per cent. of the required air, and delivered to the 
burners where the remaining air, which is preheated to a high 
temperature as already described, is added. 

The result is said to be a flame of 2000° F. intensity with no smoke 
and the flue gases shew a carbon dioxide content of from 17 to 18 
per cent. with no carbon monoxide present. 

There would appear to be nothing in this process which could 
not be applied to the pulverizing of low temperature coke, with 
additional advantages as given earlier: the burning of this semi-coke 
with the uncondensable gases formed during carbonisation should 
present no difficulty in view of the fact that pulverized coal has been 
found to work well with blast furnace gas and coke oven gas. 

Before leaving this subject, a few remarks on colloidal fuel might 
be of interest. The chief drawback to colloidal fuel in the past has 
been its instability, but the United States Navy Department and 
the Submarine Defence Association have recently reported that 
pulverized coal can now be successfully held in suspension so that 
the colloidal liquid flows freely through the pipes, preheaters, and 
burners of ships, and power, heating and industrial plants equipped 
to burn fuel oil. Even months after mixing, the composites are 
said to have shewn little or no deposits. A fixateur, which com- 
prises about 1 per cent., stabilizes the particles of pulverized coal 
dispersed in the oil. Such a mixture would contain the ash of the 
coal and it is not suggested that it would be suitable for any other 
purpose than that of burning under boilers. 


BERGINISATION. 


The Bergius process has one great advantage over low temperature 
carbonisation in that it converts coal in one stage into a tar, similar 
in many respects to a primary tar such as has just been described, 
excepting that the phenol content is very much lower and the 
aromatic content higher. The treatment employed, which is now 
well known, consists essentially of the action of hydrogen under 
pressure of about 150 to 200 atmospheres, on coal at temperatures of 
about 450 to 480°C. 
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Experiments show that hydrogenation takes place over a limited 
range of temperatures only, the speed of hydrogenation increasing 
with rising temperature to a limit which is governed by the velocity 
of coking: recent information points to the inhibition of coke 
formation by the addition of water. 

There is also a minimum partial pressure of hydrogen below which 
hydrogenation will not take place, which necessitates the use of a 
gas containing at least 80 per cent. of hydrogen. Up to 4°5 per cent 
of the hydrogen enters the coal molecule. 

The success of this operation in practice would appear to be 
governed to some extent by the expense of the hydrogen, and 
Bergius, who has carried out over 2000 experiments on a laboratory 
scale, now appears to be meeting with difficulty in obtaining 
supplies of the gas for his large plant. 

Broadly speaking, British bituminous coals will yield, under these 
conditions, up to 50 to 60 per cent. of tar, 15 to 20 per cent. of gas 
and 10 per cent. of solid organic matter representing unchanged or 
partly changed coal, and coals designated as of inferior grade for 
ordinary purposes are quite suitable for hydrogenation although 
those with less than 85 per cent. of carbon content give the most 
favourable results. The tars obtained contain as a rule a good deal 
of pitchy and asphaltic matter. 

Earlier experiments were carried out in a bomb of small capacity 
working on the batch principle, but later work has been carried 
out on a continuous plant of larger size capable of treating three- 
quarters of a ton of coal per day. 

The following is a description of Bergius’s plant.’ 

A paste is first made of the coal to be berginised with a heavy 
fraction of tar from a previous experiment and passed through a 
stirring device, constructed to withstand a working pressure of 150 
atmospheres, where it is preheated in company with the amount of 
hydrogen to be used, to about the working temperatures. The 
material then flows over into the reaction vessel proper, which is 
similar in construction to the stirrer, and the reaction products 
leave the apparatus together and are cooled in a worm condenser. 
After leaving the condenser the pressure is reduced to atmospheric 
pressure through a suitable reducing valve and the products then 
pass into a receiver where gas and liquid separate. 

The gas, after the light condensable oils have been extracted, is 
collected in a gasometer and used when needed, while the solid and 
liquid portions are drawn off through a valve and separated. 

Until recently the nature of the product obtained from coal by 
this process was a matter of some doubt. Bergius has claimed 





10 Zeit. Ver. deut. Ing., 1925, 68, 1313, 1359. 
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that from his large scale continuous apparatus the oils yield benzines 
which are wholly saturated in nature. 

An insight into the approximate yield of products by the con. 
tinuous method is given by Bergius. 


Yrevps From GAS-FLAME (Brrumrnovus) COAL. 


One ton (metric) dried gas-flame coal (6 per cent. ash) mixed with 
iron oxide and treated with hydrogen. 








| | | otal Ye 
445 Kgm. 210 Kgm. 75 shies 5 Kgm. 350 Kgm. 15 Kgm. 
Oil. Gas. Water. Ammonia. Oil and Coal loss. 
| containing 
residue. 
| 
Coked 
ae 
a | | | 
80 Kgm. 240 Kgm. 25 Kgm. 5 Kgm. 
Oil. Coke Gas loss. 
heniale | (with ash) 
—— ~~ Total oil, resolved into :— 


150 Kgm. refined motor spirit (Boiling range 30-230° C.) 
200 


» Diesel oil 
60 ,, Lubricating oil 
80 ,, Fuel oil 
35 ,, Distillation and refining loss. 


It will be noticed that the products total 1100 Kgm., whereas then 
original material weighed 1000 Kgm. This increase in weight 
might be made up by the amount of iron oxide usually employed 
by Bergius and the hydrogen absorption. The distillation and 
refining losses represent nearly 7 per cent. of the tar formed, but 
as they are not expressed separately and the method of refining and 
which fractions were refined is not mentioned, little information is 
available for the purpose of this paper. 

A sample of Bergius tar was examined in our laboratory as 
follows :— 

Moisture content, 4-86 per cent. Ash content, 12-38 per cent. 
The oil was extracted with ether in a Soxhlet apparatus and the 
ether extract washed with sodium carbonate, caustic soda solution, 
and dilute sulphuric acid respectively to remove acids, phenols and 
bases. On removal of the phenols and bases further amounts 
of ether insoluble solid were precipitated, and these were termed 
phenol-soluble solid and base-soluble solid. 
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ines Constituents of the oil in percentage by weight :— 
Ether insoluble solid _ 27-73 per cent.). oe -. 3851 
-On- Base-soluble solid ‘ oe és Je a -»  &23 
Phenol-soluble solid... = _ oe be -- 049 
Phenols .. oe as - os oe as -, a 
Bases ee ee oe oe o° és oe J. CB 
Acids ‘ ee - o6 oe os oe -. traces 
Neutral oils oe oe oe ee -- 38-10 
Water, ammonia “and loss oe os ae 26 -- 12:07 
vith 100-00 
Distillation of Neutral oil :— 
Percentage by weight. 
Up to 175°C. .. 1-83 
‘gm. 176°—325°C... 8... «swe 708 
3, 225°— 300°C. .. ne ia .. 30-68 
above 300° .. ee os -- 58-99 
loss oe oe oe ee oe 1-44 
100-00 


The tar was extremely viscous, difficulty being experienced in 
pouring even at room temperatures: it contained much solid 
Cgm, both in suspension and solution, and would appear not to have 
= received such prolonged treatment as would be the case with the 
Bergius tar previously referred to. 

In this reaction it is interesting to note that although Bergius 
considers catalysts are not necessary, 5 per cent. of iron oxide is 
always added to the autoclave charge. Recent researches by 
Bowen" in our Laboratory have shown that catalysts have a 
pronounced effect in causing hydrogenation instead of coke forma- 
tion: nickel oxide having a greater influence in this direction than 

‘hen §f iron oxide. The nature of the oil obtained was also studied and 
ight ff} phenols and bases were shown to be present to the extent of 9-21 
yed Bf per cent. and 6-04 per cent. respectively, in the case of the coal 
and investigated. 

but The light oils had an iodine value of the order of 150 (Wijs) 
and § and a loss to sulphuric acid of approximately 50 per cent. It 
nm 8 § should be mentioned, however, that our results may not be exactly 
comparable with those of Bergius, as no diluent was used ; also, 
; 8 7 owing to the discontinuous nature of our plant, it is possible that 
some of the compounds formed may have undergone slight secondary 
ent. § change. The liquid we obtained, whilst it contained a nucleus of 
the J neutral oils, could not be said to resemble a natural petroleum oil : 
jion, § it appeared to bear a closer similitude to a low-temperature tar 
and § excepting that its phenolic content was lower. 

unts The following diagram shows the nature of the liquids obtained. 








Fuel, 1926, 5, 361-364. 
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EXPERIMENTS WITH ARLEY COAL. 


Arley coal, mixed with metallic oxide—e.g., Fe,O, or NiO and 
stirrers was treated in an autoclave with Hydrogen at pressures up 
to 180 atm. and at temperatures up to 480° C. 


= 
Aqueous Liquor Solid _ residue 


Gas Oil 
Up to 45% on ash free dry (Containing 17% and over 
coal obtained by distillation ammonium 
of crude product up to carbonate) 
150-200°C followed by 
extraction with chloroform. 
p seein | 
Ether-soluble oil Ether insoluble chloroform-soluble 
| solid (15-18%) 
| | | | | 
Acids Phenols Bases Neutral Oil Phenol and Base 
(0-14%) (9-21%) (6-04%) (66-14%) soluble solids 
(3-25%) 
Fractionated 
Up to 175° .. od oo | =282O% 
175°— 225° .. - oo «664% 
225°— 300° .. =a ~. 246% 
Residue es se -- 580% 


Ormandy™ in his examination of a spirit as received from 
Germany which was obtained from a tar produced from an English 
coal in the continuous plant of Bergius, showed the com. 
position to be—unsaturateds 3-1 per cent., aromatics 7-5, paraffins 
47-0, naphthenes 27-0, and residue 15-4 per cent. The aromatic 
content in this case would appear to be lower than would be 
expected. 

A detailed analysis of the tar and oils obtained from unwashed 
coal-dust containing 17-7 per cent. of ash, 28-5 per cent. of volatile 
matter (on dry coal) and an exceptionally high proportion of 
fusian (which is known to yield very little oil on “ berginisation ”’) 
has been made by Heyn and Dunkel.'* The coal was made into 
a paste with half its weight of an oil obtained from a previous 
“ berginisation” of similar coal, and the experiment was run 
continuously for 2} days at a throughput of 7 kg. of paste per 
hour. 

Total yield was 36-45 per cent. of the raw coal—i.e. 33-09 per 
cent. of oily product and 3-36 per cent. of spirit recoverable from 
the gas. The black viscous tar contained 29-5 per eent. of dust, to 
remove which the light oils were distilled off up to 230° C. (during 


% Journ. Inst. Petr. Techn., 1926, 12, 77-78. 
\3* Brenn. Chem., 1926, 7, 20-25; 81-87; 245/250. 
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which ammonium carbonate separated out in the receiver) and the 
residue was dissolved in benzene and filtered warm. 

After removing the benzene, the light and heavy oils were united 

and fractionally distilled (above 220° C. under reduced pressure) 
up to pitch which was 9-26 per cent. of the raw coal. The oil 
fractions were extracted by the usual methods for phenols, bases, 
ete., showing the total distillate to be composed of 75-7 per cent. 
of neutral oils, phenois 12-0 and bases 3-5 per cent., and small 
traces of carboxylic acids, resin and sediment. The solid con- 
stituents of the neutral oils comprised a small quantity of paraffins 
and a considerable quantity of aromatic hydrocarbons. 

Difficulty was experienced in removing the oil completely from 
the dust, which, after extraction, contained 40-65 per cent. of ash 
and 10-45 per cent. of volatile matter. 

Of the phenolic compounds 10-3 per cent. was phenol itself, 
whilst phenol, cresols and xylenols (b.pt. up to 220°) constituted 
66-5 per cent. of the whole. The basic fraction contained primary, 
secondary and tertiary bases: the “ benzine”’ from the gas was 
refined with sulphuric acid and fractionally distilled, the bulk 
distilling below 185° and contained benzene, toluene and xylene 
with a large proportion of their hexahydro-derivatives. 

The light oil fraction (b.pt. up to 180°) of the main product 
refined and fractionally distilled, had an analogous composition, 
the ratio of aromatics to hydro-aromatics being, however, greater 
than in the “ benzine.”’ The higher fraction (180-220°) of the 
oil contained naphthalene and its tetrahydro- and decahydro- 
derivatives. All the neutral oil fractions were remarkable for their 
low sulphur content (0-76—1-12 per cent.). 

The Bergius process is a distinct advance over low-temperature 
carbonisation from the point of view of liquid fuel formation, as 
not only is a larger production obtained but there is no large amount 
of disposable residue left behind. 

The difficulties to be encountered in working up this “ berginised ” 
tar would appear to be similar to those encountered in the refining 
of low-temperature tar to some extent in that the separation of the 
solid matter (about 30 per cent. of the crude tar) would be a problem 
of some magnitude in large scale practice. 

The spirit fraction would make an excellent substitute for motor 
fuel, indeed it should be superior to many petrols at present on 
the market and the pitches formed certainly bear a closer relation- 
ship to true pitch than the low-temperature variety, although the 
ash content is high. Attempts to prepare a satisfactory lubricating 
oil from the higher fractions without further treatment do not 
appear to have been very successful (reference has already been 
made to the fact that distillation range does not, of necessity, 
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point to the presence of good lubricating fractions), but Spilker' 
has shown that these higher boiling fractions can be reduced by 
further treatment in the Bergius autoclave whereby a new class of 
artificial lubricating oils might be obtained, the viscosity of the 
resulting oils rising with the molecular weight of the parent com. 
pounds. 


Syntuetic Fugets rrom CARBON MONOXIDE AND HYDROGEN. 


As already mentioned, coal can be carbonised at high or low 
temperatures resulting in yields of coke, tar and gas differing 
considerably from each other in constitution. The residual coke 
from both these processes can be followed by complete conversion 
into gaseous and oil products, water gas being the medium whereby 
this can be done. This gas can be obtained by passing steam 
through incandescent carbon. 

At temperatures of 1000° C. carbon monoxide and hydrogen are 
the chief products :— 

C+H,0--CO-+-H,. 


The temperature must be maintained at 1000°, or below this 
carbon dioxide is formed thus :-— 


C+2H,0->CO,+2H,. 


The impure mixture of hydrogen and carbon monoxide is techni- 
cally known as “ blue water gas,’’ to distinguish it from the mixture 
of water gas and oil gas, a substitute for coal gas, sometimes referred 
to as “ carburetted gas.” 


A typical analysis of blue water gas is as follows :— 


Hydrogen ae ie -- 52-0 per cent. 
Carbon monoxide oe -- 385 a 
Carbon dioxide .. y Se 45 és 
Methane .. oe oa $e 1-0 P- 
Nitrogen .. oe ee oo 40 o 


Two methods, both catalytic, are open for the production of 
synthetic fuels from these gases, the first a high-pressure process 
giving methyl alcohol, higher alcohols, etc., and the second a low- 
pressure method giving gaseous, liquid and solid hydrocarbons ; 
the latter process has been investigated in our laboratories on both 
a small and semi-commercial scale. 

The first work to be considered will be that of Sabatier, who in 
1905 pointed out that as two of the valency directions of carbon 





14 Z. angew Chem., 1926, 39, 997-9. 
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monoxide are unsatisfied, the molecule will combine with oxygen, 
sulphur and chlorine, and it should combine therefore with 
hydrogen to give formaldehyde and then methyl alcohol. 
Hydrogen and carbon monoxide were passed over finely-divided 
nickel, which was heated in a glass tube, but the products were 
found to be methane, water and carbon dioxide. It should be 
mentioned in passing that this process has been developed on a 
technological scale and is now known as the “ Cedford Gas 
Process ” for the conversion of the carbon monoxide of water gas 
into methane. 

Up to the year 1913 the formation of methane, carbon dioxide 
and water was the only established reaction when carbon monoxide 
and hydrogen were led over a catalyst. 

The next advance in the conversion of water gas was made by 
the well-known German firm, the Badische Anilin und Soda Fabrik, 
who succeeded in converting this gas mixture into liquid products, 
consisting of hydrocarbons, alcohols, ketones, aldehydes, organi¢ 
acids and water. The technique followed was that of passing the 
water gas, at a pressure of about 100 atmospheres, over a catalyst 
heated to from 300 to 400°C. 

This process was patented (E.P. 20,488) in 1913 and appears 
to have been the first successful synthesis of a possible liquid fuel 
from water gas, but it does not seem to have been carried out on a 
commercial scale. 

Since that date investigations of a similar character have been 
carried out in Germany, France, America and this country. 

According to theory, the substance which would be most easily 
obtained from carbon monoxide and hydrogen would appear to be 
formaldehyde, as the following equation indicates :— 


H,+CO=HCHO. 


Such is not the case, however, and it has been found that methyl 

alcohol is most probably the primary product, so :— 

2H,+CO=CH,OH. 

This alcohol, which boils at 66° C. is readily formed in a pure state 
when a suitable catalyst is employed. The B.A.8.F. in Germany, 
and Patart and Audibert in France, have developed this process 
in the last seven years, and it has been stated that the B.A.S.F. 
production of methyl alcohol has run into the order of thousands of 
gallons per diem. 

Generally the catalysts used for the production of pure methyl 
alcohol are free from alkali and iron: if the catalyst contains such 
substances as, say, potassium carbonate and reduced iron, then 
other substances besides methyl alcohol appear in the product : 
these may be hydrocarbons or may contain oxygen, . 












704 NASH: LIQUID FUELS. 


The formation of oxygenated compounds by catalysis under 
pressure has been studied in Germany by the B.A.S.F. and by 
Fischer. The latter investigated the former's patent of 1913, 
and developed an iron-alkali catalyst with the object of synthesising 
a mixture of compounds suitable for use as a fuel in internal. 
combustion engines. With this catalyst he obtained an aqueous 
and oily liquid, some 87 per cent. of the latter distilling below 200° C. 
The work of this investigator’ constitutes an interesting series of 
experiments on the reduction of carbon monoxide and hydrogen, 
the initial pressures in the successful experiments being 100 
atmospheres or over, but dropping off as the reaction proceeded, 
causing a gradual diminution in the quantity of alcohol and 
oil formed ; the temperature of the contact tube was kept constant 
at 410°C. 

The following table by Mittasch summarises the substances 
which have been isolated from the reaction products when com- 
pressed carbon monoxide and hydrogen are passed over various 
catalysts at temperatures of about 200 to 450° C. 


Propucts From CARBON MoNnoxIpE AND Hyprocen (Hicx 
PRESSURE CATALYSIS). 
Carbon monoxide and hydrogen 


(Formaldehyde) CH ,O ? 
| 
(Methyl alcohol) CH,OH 
Derived products 





| 
I. Alcohols IT. Ether wl Esters 
(Ethyl alcohol) Dimethyl ether 
n-propyl alcohol methyl formate, etc. 
Isobutyl alcohol 
Iso amy! alcohol B.pt. 128° III. Aldehydes and Ketones 
Hexyl alcohol (148°) Isobutylaldehyde 
Heptyl alcohol (160-165° C.) Acetone 
Octyl alcohol (180°) Methyl ethyl ketone, etc. 


Higher boiling alcohols. 
With the higher alcohols the type R—-CH-CH,OH appears to preponderate 


R,~ 
IV. Free or combined acids. V. Hydrocarbons. 
(Formic) acid Liquid hydrocarbons of most 
(Acetic) acid iverse kind. B.pt. 20 to 
ie reer acid over 300° 
tyric acid 
Valeric acid Gaseous hydrocarbons 
Caproic acid especially methane. 


VI. Cyclic compounds. 
18 “ Conversion of Coal into Oils,” Brenn. Chem., 1923, 4, 276; 1924, 5, 210. 
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It should be pointed out that so far methane and methy! alcohol 
are the only substances which can be obtained, directly, in a state 
of purity, from the catalytic process. Modification of the catalyst 
wed for methyl alcohol production has up to the present led only 
to the production of mixtures of the substances shown in the 
previous table. 

Before passing on to the catalytic processes which are applicable 
at ordinary pressure, consideration of the possibilities of using 
these synthetic substances as fuels in internal-combustion engines 
should be given. 

Methyl alcohol is not regarded with favour as a petrol sub- 
stitute, one reason for this being its tendency to pre-ignition. 
This can be eradicated to a great extent by the addition of 
some 5 per cent. of water, which acts in this case as an “ anti- 
knock ” substance, when half the mileage per gallon given by 
petrol is obtainable. 

The mixtures of ketones and alcohols, etc., would seem more 
favourable for use in internal-combustion engines, but the organic 
acids would have to be removed from the mixture. 

The hydrocarbons are of most interest to this Institution of 
course, but a study of the other compounds is essential in order that 
the causes of their formation may be investigated with a view to 
their possible interdiction if necessary. 

Fischer states that he has tested his synthetic mixture in a 4-h.p. 
motor cycle, and found it to be a satisfactory fuel. 

Until a short time back, it was thought necessary for the 
reaction to be carried out under high pressures in order to 
produce these synthetic fuels, but an unexpected development 
in the inter-action of carbon monoxide and hydrogen has opened 
up new ground in the field of synthetic fuel: a process has 
been investigated which is carried out at atmospheric pressure 
whereby these gases are converted into hydrocarbons similar to 
petroleum. 

This process was described by Fischer'* at Mulheim, and depends 
on the use of catalysts prepared from mixtures of reduced oxides 
containing iron and cobalt. Passed over such catalysts a mixture 
of carbon monoxide and hydrogen is converted, at temperatures in 
the neighbourhood of 270° C., into water, carbon dioxide, gaseous, 
liquid and even solid hydrocarbons, the latter resembling vaseline 
in appearance. Fischer states that no oxygen compounds were 
formed and the various hydrocarbons produced, as is to be expected, 
were free from sulphur ; so that if the process were carried out on a 





16 Brenn. Chem., (1926), 7, 197; Ber., (1926), 68, 830-832. 
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commercial scale it would be necessary only to separate the water 
formed and fractionate the hydrocarbons. 

It is of extreme interest to observe that the catalyst can be so 
modified that the proportion of high boiling constituents can be 
increased. There is thus a possibility of synthetic lubricants as 
well as synthetic fuels from this process. 


As the contact mass is obviously of prime importance in this 
reaction, it will be considered in some detail. The catalysts em- 
ployed were the metals, or partly reduced metals, of group 8 
of the periodic classification, and it was considered expedient 
to make additions to prevent sintering and to accelerate carbide 
formation (high carbon content carbides being considered by 
Fischer and Tropsch to be the intermediate compounds formed in 
this reaction). 

The passage of hydrogen and carbon monoxide over iron and zinc 
oxide gave a mixture of methane and homologues, but more active 
catalysts were discovered: the use of cobalt and chromium 
oxides at 270° C. led to the formation of liquid and solid, as well 
as gaseous hydrocarbons; numerous passages of water gas over the 
reduced oxides of iron and cobalt gave 100 gm. of liquid and solid 
hydrocarbons. 

A contact mixture, consisting of the reduced oxides of iron and 
copper, proved many times more active than reduced iron alone 
dispersed on an asbestos carrier. The addition of small amounts of 
potassium carbonate to oxide mixtures of this composition led to 
the formation of high boiling oils and solid paraffins; the addition 
of sodium carbonate led to a petroleum-like oil, whilst barium 
hydroxide led to products intermediate in volatility. Detailed 
information concerning the various experiments carried out is not 
available. 


In combination with the “iron” metals were used chromium, 
zinc, beryllium, rare earth metal, uranium, silicon, aluminium, mag- 
nesium and manganese oxides, active charcoal, and amorphous 
carbon, the order given being that of decreasing efficiency. 


The contact mixtures employed were prepared by the usual 
methods—viz., by precipitation or by heat decomposition of 
suitable salts, followed by reduction with hydrogen at 350° C. 
usually. 


Purified water gas was used in the later experiments of Fischer 
and Tropsch, and the products obtained ranged from gaseous to 
solid hydrocarbons. Water and carbon dioxide were formed by 
the elimination of oxygen from carbon monoxide. Ethane, propane 
and butane were identified, with only small amounts of ethylene, 
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propylene and butylene, as gaseous products of reaction. From 
the liquid products were obtained fractions corresponding with 
benzine and a heavier petroleum. 


It is of much interest to note that analyses of the liquid fraction 
showed the absence of oxygenated compounds. The formation of 
hydrocarbons only, in this process, is explained by Fischer on the 
hypothesis that carbon is removed from the carbon monoxide by 
the contact mass to form high carbon carbides, which are then 
decomposed by hydrogen to give “ methylene.’ This hypothetical 
body can then, according to the conditions, polymerise and be 
further hydrogenated, or else be hydrogenated directly to 
methane. The catalyst must therefore have the power of carbide 
formation. 

The formation of hydrocarbons has been confirmed in our 
laboratories by Elvins'?, who has obtained from carbon mon- 
oxide and hydrogen, by the use of a contact mass of reduced 
copper, cobalt and manganese oxides, not only hydrocar- 
bons, but has increased the scope of this reaction considerably 
by proving the presence of oxygenated substances soluble in 
water.?® 


Artificial water gas was passed over the reduced oxides of 
cobalt, copper and manganese at about 280° C., which resulted 
in the partial conversion of carbon monoxide and hydrogen 
into solid, liquid and gaseous organic substances. The latter 
were carried over by the gas stream through tubes containing 
activated charcoal, which retained all the solid and liquid sub- 
stances which had not already condensed out at ordinary room 
temperatures. 


These were recovered from the charcoal by steam distillation, 
and it was found that the distillate separated into two layers, an 
aqueous and oily layer. Distillation of the aqueous layer showed 
the presence of small quantities of organic bodies boiling below 
100° C. The latter consisted partly of organic acids, whilst the 
oily layer contained hydrocarbons. 


It thus seems possible that the product approximates to the 
mixture obtained at high pressures, which has been already dis- 
cussed and which would be suitable for use as fuel. 

Since this work has been published, Fischer and Tropsch have 
confirmed the formation of oxygenated bodies under similar con- 
ditions to those investigated in our laboratories. 





" Fuel, 1926, 5, 263. 
18 Nature (1926), 118, 154. 
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The following diagram sets out briefly the work carried out by 
various investigators and the nature of the products obtained :— 


|~ | 
Gas | Tar 


Water Gas 
(CO and H,) 


—_ Catalyst. 
| | 
Under Pressure. Under Atm. Atm. Atm. 
anew Press. Press. Press. 
| | 
Pure Methyl alcohol Oxygenated Methane Hydro- Oxygenated 
(B.A.8.F. Germany) compounds (Sabatier) carbons compounds 


(Patart, France) (B.A38.F.) (Fiseher and Hydro. 
(Audibert, France) (Fischer) and carbons 
Tropsch) (Nash and 

Elvins) 


With regard to the application of these processes on a works’ 
scale, the ‘‘ Cedford Gas Process ”’ already mentioned is an instance 
where water gas can be converted by catalytic treatment into the 
gaseous hydrocarbon methane, so it is evident these low-pressure 
methods may also be carried out on a technical scale. 

The reduction of carbon monoxide and hydrogen would at first 
appear therefore to be a distinct advance in the direction of indepen- 
dence of foreign liquid fuel supplies to those countries devoid of 
natural petroleum, but on further consideration many disadvantages 
occur to the mind—eg., the formation of these liquid products 
seem much slower than that of methane, and the catalyst used is 
slowly fouled by the presence of high-boiling substances. This 
would necessitate continual steaming out, in a current of air, 
followed by reduction. 

The isolation of the products would require a process similar 
to that whereby light spirit is recovered from coal gas and natural 
gas: adsorption by activated charcoal, followed by steaming would 
appear to be a suitable method. ,,The careful purification of the 
reactants, which would involve an increase in capital and running 
costs, of course, would render the products amenable to simple refin- 
ing, as unlike Berginisation oils, they would be free from sulphur. 

The escaping gas, containing the lower members of the paraffin 


series, could augment the ordinary gas supply, possibly obviating 
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the necessity for carburetting water gas, and in the author's opinion, 
if and when the necessity arises for such methods to be tried out 
the existing gas undertakings would appear to be the most suitable 
places for the complete process from the carbonising of the coal 
up to the reduction of water gas. 


DIscUSSION OF THE PROCESSES DESCRIBED. 


So much has been written on the value of power alcohol as a motor 
fuel that only a brief discussion will be entered into in this paper. It 
is sufficient to say that it is the only source of motor fuel at present 
in sight, excluding that which could be obtained from shales, tor- 
banites, ete., which could appreciably respond to a petrol shortage. 

Should this fuel ever be used on a large scale, alterations in the 
existing design of engines would be necessary, for the reasons already 
stated. Petrol and alcohol containing small amounts of water do 
not mix in all proportions, but if benzol is added they are com- 
pletely miscible. The main disadvantage is entirely one of cost, 
for all the methods given under this heading. 

In regard to oil-shales, etc., the time for their exploitation has 
not yet arrived, but should the demand for petroleum ever exceed 
the available supply, prices would, of necessity, rise, and this would 
represent the period when the value of oil shale and similar bitumin- 
ous material as a source of petroleum would become established. 
The similarity of shale-oil to petroleum, not only in its physical and 
chemical characteristics, but also in its amenability to known 
methods of treatment such as are used in our existing refineries, 
renders its utilisation the next stage in the development of a substi- 
tute for free petroleum, a certainty. 

How soon this will occur no one can predict : it must be borne 
in mind that no systematic geological investigation of the structure 
of the earth’s crust has yet been made excepting in a few strictly 
limited areas, and before an opinion can be accepted as of any 
material value regarding the future supplies of free petroleum, we 
must first satisfy ourselves that all possible geological structures 
favourable for the accumulation and retention of oil have been 
examined. [In all the oil-producing territories of the present time, 
with the exception of a few oilfields in America found as a result 

of “‘ wild catting,” the knowledge that oil was present was not due 
to any original discovery on the part of the petroleum technologist : 
in practically all cases our existing oilfields have been located as a 
result of surface indications of oil, but the application of physical 
science to geological investigation in the future will undoubtedly 
bring to light a number of oilfields the existence of which are at 
present unknown. 
The Alberta tar sands, at the present time, hardly come into a 
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general survey of the subject under discussion, although possibly 
of extreme future importance to Canada. 

The greatest opposition which low-temperature carbonisation 
of coal is likely to encounter, should it ever develop to the commer. 
cial stage, would be as a result of the economic law of supply and 
demand. At present all the financial balance-sheets put forward 
in support of this process have shown the semi-coke priced at least 
as high, and in many cases higher, than the original coal weight for 
weight. Should this smokeless fuel ever seriously compete with house- 
hold coal, the time might arrive when the collieries would be forced 
to lower the price of household coal in order to dispose of it, and ob- 
tain their profit from the coal sold for carbonising purposes. Again, 
the necessity of disposing of both the semi-coke and the tar in the 
proportion of, say, 14 cwt. of the one to 14 to 20 gallons of the other, 
is a problem which is not so simple to solve as it appears on paper. 

For the reasons given earlier, low-temperature tar can never 
replace petroleum in normal times, and the cost of working it up 
into any product other than fuel for internal and external combus- 
tion would be excessive at the present time. 

The Bergius process would appear to have a more doubtful 
future in this country in normal times, from the point of view of 
liquid fuel production, than low-temperature carbonisation. 

The chief difficulty in the way of its successful exploitation on 
commercial lines, with crude petroleum at or about its present 
price, would appear to be capital, maintenance and running costs. 
The construction of a plant for large quantities offers extraordinary 
difficulties, as apart from those of a purely constructive nature, 
such as obtaining pressure-tight seals, safe working joints and valves, 
and the very extensive apparatus for the testing of the plant, care 
must be taken to permit of an accurate temperature control. 

For such a purpose Bergius has found that the heating of the 
apparatus externally is unsatisfactory and the method of heat 
transference necessary is through the medium of an inert gas 
passing through an annular space surrounding the reaction chamber 
proper. The effect of heat on the structure of the metal is another 
point to be considered, as all steels lose a certain proportion of 
their strength after being subjected to prolonged heating above 
400° C.—e.g., some steels tested in our Civil Engineering laboratory 
were found to break down, after being kept at a temperature of 
450° C. for several weeks, with a tensile stress of from half- to one- 
quarter of that which they could withstand normally. This means 
that special steels which have undergone prolonged metallurgical 
heat treatment would be necessary and even then a high factor of 
safety would be desirable, particularly as erosion of the autoclave 
walls is bound to take place in time, in view of the sulphur content 
of the coal, all of which adds to the weight and cost. 
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The question of a sufficient and cheap hydrogen supply is one to 
be considered : also the manipulation of a plant of this kind would 
appear to be beyond the skill of the average artisan and wages and 
salaries are likely to be high. 

In regard to the reduction of carbon monoxide and hydrogen, 
it has been shewn that pure methyl alcohol can be obtained by the 
high pressure process whereas with the low pressure technique pure 
hydrocarbons, ranging from the low boiling fractions up to solid 
waxes the proportion of each of which can be varied according to the 
catalyst used, or a mixture of hydrocarbons and oxygena’ 
compounds, are produced. 

Dealing with the high pressure process first, methyl alcohol and 
its direct derivative formaldehyde would be of particular interest 
to the pure chemical industry of this country, and the latter is also 
of importance in the manufacture of synthetic resins of the Bakelite 
class : the higher alcohols which could be produced would no doubt 
find a market in the paint and varnish trade, or they could even be 
dehydrated by a further catalytic process to hydrocarbons. From 
the fuel point of view, however, which is the main concern of this 
Institution, it is very unlikely that these products will ever enter 
into commercial competition with petroleum in normal times, 
despite the statement that methyl alcohol can be produced by this 
process commercially at tenpence a gallon. 

Turning now to the low pressure system, it is extremely difficult 
to make economic deductions from laboratory scale experiments : 
it is true that the high pressure plant is very expensive, but on the 
other hand the plant required for working at the low pressures 
would have to be very large, and would probably prove just as 
costly as the high pressure plant—e.g., large contact chambers, or 
which would, no doubt, be preferable—numerous small ones— 
will be required to give good yields of liquid products. 

Further, accepting the brief definition of a catalyst as being a 
substance capable of accelerating a chemical reaction without itself 
undergoing permanent chemical change, it should be possible for a 
small quantity of a catalyst to convert an infinite quantity of 
material. In practice other factors intervene, however, and in the 
majority of cases the catalyst is eventually incapacitated either by 
catalyst poisons or by fouling of its surface, the poisons being sub- 
stances which destroy the action of the catalyst even when present 
in only minute quantities. Fouling of the catalytic surface is 
brought about by substances which cover the active surface, these 
often being the product of the chemical change itself, and it is of 
interest to note in this connection that Fischer in some of his 
experiments, actually obtained his vaseline-like product, in the 
atmospheric pressure work, by extraction from the catalyst. 

One advantage which the production of pure heavier hydrocarbons 
by this method would appear to have over all the others mentioned 
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is the possibility of obtaining lubricants, and a point which is often 
overlooked in our desire to ensure an adequate supply of liquid fuel 
in times of stress is that lubricants and not liquid fuels are the rea] 
measure of the development of power. 

A serious drawback to the low pressure process from an economic 
point of view is that so far as can be seen at present the oxygen of the 
carbon monoxide must be largely eliminated either as carbon dioxide 
or water. 

Earlier in this paper the suggestion was made that coal might 
be subjected to low-temperature carbonisation first, followed by the 
conversion of semi-coke to water gas, afterwards to be reduced to 
liquid fuels. 

Taking into consideration thedosses to be encountered in the 
carbonising and gasification processes, and even greater loss in the 
reduction of water gas, it would seem that despite many enthusiasts, 
we are not yet in a position to dispense with natural petroleum. 

In conclusion it should be mentioned that there are two financial 
balance sheets which can be prepared when considering the value, 
as auxiliary sources of liquid fuels, of the products described in this 
paper. With crude petroleum at its present price none of the 
methods given, with the possible exception of the destructive distil- 
lation of oil-shale (provided it is rich enough) torbanite, etc., would 
appear to be a paying proposition, but with crude oil selling at a 
greatly enhanced figure, as it did in this country during the War, 
all the processes dealt with might not only pay handsomely, but 
should provide an adequate and valuable home supply of liquid fuel. 





ADDENDUM.—Since the above paper was written, a further point of interest 
in regard to the reduction of carbon monoxide and hydrogen has arisen, as a 
result of a patent (E.P. 266,410) obtained by the B.A.S.F., whereby gases 
obtained by the distillation of bituminous coal, natural gas or cracking 
gas can be partially oxidised by passing over a catalyst together with a 
restricted quantity of oxygen. 

In some cases, ¢.g., with natural gas, mixtures were obtained ready for 
use to be converted catalytically to methanol. In others some adjustment 
of constituents was necessary. An example is given of a gas mixture derived 
from coke oven gas containing carbon dioxide 2 per cent., heavy hydro- 
carbons 2 per cent:, carbon monoxide 7 per cent., hydrogen 52-2 per cent., 
methane 29-5 per cént., nitrogen 7 per cent., which was mixed with 23 per 
cent. of oxygen and partially burnt with the latter at 1000° C. in presence 
of nickel-coated magnesia. The resultant gas mixture was carbon dioxide 
1-5 per cent., carbon monoxide 26 per cent., hydrogen 64 per cent., methane 
3-5 per cent., nitrogen 5 per cent. 

On many fields natural gas is burned because an economical use has not 
been, so far, found for it, but the above patent points to the possibility of 
natural gas being oxidised in the presence of oxygen, afterwards to be reduced 
in the presence of hydrogen, as already described in this paper, giving a 
liquid fuel. Such a method should be far less costly than where the carbon 
monoxide has to be prepared from coke or semi-coke, particularly as tre- 
mendous quantities of natural gas in various parts of the world are at present 
going to waste. 














INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


A Mgetine or THE INSTITUTION was held at the House of 
the Royal Society of Arts, John Street, Adelphi, W.C., on Tuesday, 
April 5th, 1927, Mr. Alfred C. Adams, President, in the Chair. 


The President said the pur; »se of tle present meeting was 
to discuss the various papers which had been prepared in connec- 
tion with the Second Empire Mining and Metallurgical Congress, 
of which the authors had given very brief extracts at the previous 
meeting of the Institution. 

It was possible that the authors of the papers might desire to 
say a few more words, either by way of adding something which 
had occurred to them since or by way of correction. He was, 
therefore, proposing to give them the opportunity of doing so, 
if they wished. 


Sir Thomas Holland called attention to some clerical errors 
in the proofs of the paper which he had read in abstract on the 
last. occasion. 

He had otherwise only to apologise to his colleagues who had 
read papers at the last meeting for the amount of time he had 
then occupied, thus giving them too little time for papers that 
were more important. 


Sir Frederick W. Black said he had just been reading Sir 
Thomas Holland’s paper, and he desired to give his support to 
some of Sir Thomas’s general conclusions, particularly the possi- 
bility that, through the Empire Mining Congress, petroleum 
technologists might offer a certain amount of useful guidance by 
bringing together facts and tendencies which came under their 
notice and which might be of use both to commercial enterprise 
and to Government. He did not know whether the Institution 
would put forward anything definite as to the way the informal 
committees, of which Sir Thomas had spoken, would work, but 
he was sure the objective was good. As Sir Thomas said in his 
paper: “ Technologists can help by collating the facts and summar- 
ising them in a form that will permit of simple economic deduc- 
tions ; and there is a danger that, without an occasional indepen- 
dent, non-political stocktaking of this sort, our continual compila- 
tion of unrelated data relating to highly specialised parts of the 
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group of subjects that constitute petroleum technology, wil! leaye 
our work sterile and without purpose or direction ; we shall always 
be in the condition of being unable to ‘ see the wood for the trees,’ 
unless we get outside occasionally and correct our perspective.” 

Sir Thomas had mentioned that when the possible sources of 
supply came to be considered, war conditions had to be taken 
into account. It was not always merely the fact that a country 
produced a certain amount of oil which would enable the oil of 
that country to be taken into account as likely to be available 
in war or other emergencies. There were other factors. For 
example, it would be remembered that during the war the Dar. 
danelles had been closed, and that therefore the production of 
Rumania and of Russia had not been available to any countries 
except in so far as a certain amount of oil might have found its 
way up the Danube, and into Germany ; and it would be remem. 
bered that very special steps were taken to check that. If one 
looked at the map, one could select other oil-producing districts 
which in certain circumstances might be cut off in a time of war 
from particular groups of allies. 

Sir Thomas Holland had quoted various American opinions, 
mostly geological. To those might be added others which he 
(the speaker) had quoted, primarily of big commercial men. If 
one desired to get the American view of the oil situation, one had 
to take both sets of opinion into account. Members might ask: 
“What has the American situation got to do with us?” In so far 
as the American oil problem is America’s own concern, it is not 
our business. But if they looked at the statements which he 
quoted in his paper made by Mr. G. H. Jones, the President of the 
Standard Oil Company of New Jersey, they would see that that 
gentleman reminded them that America was not only, as every- 
body knew, an immense producing and consuming country, but 
that she imported a considerable quantity of oil from Mexico and 
elsewhere, and that she also exported very considerably. There- 
fore, seeing that the British Empire relied very largely upon oil 
exports from America at the present time, they could not be dis- 
regarded, and if one looked at the figures one would see that they 
were particularly significant in the following way. Mr. Jones had 
said that the United States were exporting 130,000,000 barrels— 
or very roughly, about 18,000,000 tons, and that the imports 
were 80,000,000 barrels, or, roughly, 11,000,000 tons. Taking 
those figures, on the balance it looked as if America contributed 
to the requirements of other countries a net 7,000,000 tons per 
annum ; but in effect she rendered a much greater service to the 
oil requirements of the world than would appear by merely that 
net figure, because America sent out a considerable quantity of 
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high grade refined products, whereas her import was mainly of 
crude oil. When he himself had first become interested in fuel 
oil, Texas and Oklahoma were great suppliers of heavy fuel. To- 
day the oils of those States were much too valuable for America to 
utilise them as formerly, to the extent of perhaps two-thirds of 
the total, in the form of heavy fuel. Consequently, American fuel 
oil to-day very largely consisted of the heavier oils from Mexico, 
and what she sent out to other countries was the finer products 
—motor spirit, kerosine and lubricating oils. American motor 
spirit, American kerosine, and especially American lubricating 
oils were found all over the world. So that one should not look 
at that net total alone without also considering the subject 
qualitatively—i.e., what were the refined products which America, 
through the action of her imports and exports, really contributed 
to the world’s requirements, to her own advantage, but to the 
general good as well. 

Looking a few years ahead, they had to consider what was 
going to be America’s position. Was she going to continue to, 
be an oil-exporting country? If she merely ceased to export oil 
and met her own requirements inside of her own bounds, then 
the different nations of the world had to face their petroleum 
requirements each independently, simply knowing that they had 
not the American production to rely upon. But supposing it 
were a worse situation than that—namely, that America had 
ceased to become an exporting country, and required to be to a 
very much greater extent than at present an importing country ? 
Then it would be seen that America would come into still more 
active competition with the efforts which were being made by all 
other countries to balance their petroleum account. That would 
be a problem which would not affect merely the different parts of 
the British Empire. One could see how this country would stand, 
roughly, on the basis of our present requirements: but obviously 
there would be Germany, France, Italy and other countries, who 
were now partly or largely dependent on American supplies, in 
very active competition with us. That was a big factor which 
might have to be taken into account at some future date. 

Those commercial opinions from America, to which he had 
referred, were mostly of a more or less reassuring character— 
namely, that it was not very probable that there would be any 
great catastrophe in oil supply, or any very sudden break or diminu- 
tion, but that there would ultimately begin—at what date no one 
cared to prophesy—a steady dwindling of natural petroleum. 

In order to see the way in which the diminution of natural 
petroleum was going to be made good, the members would tura. 
not to his paper, but to Mr. Cunningham Craig’s, and also to 
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what Prof. Nash said about the different processes of obtaining 
oils from solid substances. When he first read Prof. Nash’s paper 
he had been to some extent in despair, because the Professor 
seemed to throw a great deal of cold water on many of the modern 
processes, particularly in respect to the very heavy cost in plant 
and other matters which they involved for production of oil from 
solid materials. Then he had taken comfort in a final paragraph 
where Prof. Nash said that, given a certain figure for natural 
petroleum, then those processes were quite likely to come into 
action. Experiments had gone far enough to show that oil from 
some of those sources could come economically into the market 
on a higher basis of cost than prevailed at -present. Prof. Nash 
had not said much about one aspect of the question—namely, that 
as those processes became more and more established on a commer. 
cial scale, it might be expected that the cost of production would 
be very considerably cheapened, whereas, on the other hand, 
the fact that it was possible that natural petroleum might have to 
be sought at far greater depths than at present would bring about 
the opposite circumstance affecting the natural petroleum, and 
that those two things would tend to balance one another to some 
extent, and give the oil products from the solid substances an 
improved chance in the market. The previous evening he had 
been at a discussion on fuel problems. One of the speakers, quoting 
an opinion of someone who was interested in low temperature 
carbonisation or liquefaction, said that when fuel oil stood at 
£15 a ton, as it had done in the year following the war, then many 
things were possible with the artificial products, which were not 
possible when fuel oil stood at a figure between £3 and, say, £6 a 
ton. That was really, he thought, how that matter stood—that 
most of those processes which Prof. Nash had described would 
apparently be possible sources of supply at a given figure. That 
was, roughly, the economic situation. The figures in the British 
Empire, Sir Thomas Holland had just reminded them, showed 
that we were using at the present time between 10 and 11 million 
tons of oil products of various kinds, and that we were producing 
only about 3 millions, of which Burma, Trinidad and Sarawak 
were the principal contributors. He hoped the members were 
going to hear something from Mr. Catherall about Trinidad in 
particular, because Trinidad seemed very promising. Some years 
ago he remembered being at some Government Committee when 
Mr. Cunningham Craig had been present giving evidence, and his 
(Sir Frederick’s) mind had been full of the question: ‘“ How is 
the British Navy to be kept going with supplies of oil, and how 
much of it will come from Imperial sources?” Mr. Cunningham 
Craig was asked to prophesy how much heavy fuel oil they might 
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expect eventually to get out of Trinidad, and Mr. Cunningham 
Craig had told the Committee that they might look to half-a-million 
tons of heavy fuel oil a few years ahead, and that that would 
continue for a very considerable time. Perhaps Mr. Catherall 
could state how far the mantle of prophecy had descended upon 
Mr. Cunningham Craig’s shoulders on that occasion. Anyhow, 
in any time which could be looked forward to, it was fairly 
obvious that we should have a great deal of oil coming into the 
country from overseas, and that any process of development in 
the use of oil from other sources was going to be an extremely 
gradual one until the two products met in the market. 

The point which Sir Thomas Holland had touched upon in his 
paper was what an Institution like their own could do without 
travelling beyond its proper functions. He should like to suggest 
to Sir Thomas that, although he had initiated a most valuable 
‘movement in suggesting the present papers and the proposed 
Committees, the Institution had been doing something in that 
direction already, not only by many of its individual papers, but 
particularly in the very valuable summary which was given every 
year in the Journal of the Institution at about the month of August 
or September called ‘“‘ A Review of the Progress of Naphthology.”’ 
That review meant that the Institution, through some of the best 
brains at its disposal, had already put before the world, for the 
last three or four years in particular, a very valuable summary 
from a technical and scientific standpoint, as to how we stood in 
the matter of petroleum supplies, and particularly as to the progress 
of new processes and their possibilities, as well as improved methods 
of mining and refining natural petroleum. He desired that fact 
to get into the notes which would be.sent to Canada on these 
papers, so that their Canadian friends might know that whilst 
they were prepared, he hoped, to go a little further in utilising 
the resources of the Institution and the brains of its members in 
this great problem, nevertheless they were already doing something 
effective. He thought it was a point which should be mentioned, 
as the reports would no doubt be read more abroad than at home. 
It was one of his annual pleasures to sit down and digest the 
review he had mentioned, though some of it was severely technical. 
The general gist was of extreme importance. Therefore, in sup- 
porting what Sir Thomas had suggested the Institution should do, 
he would like to emphasise the point that it had already done a 
good deal. 

He had wanted particularly to get in a sort of balanced judg- 
ment on the American opinions, because he did not think American 
opinion could be taken from any one source. He had not read 
the report of President Coolidge’s Commission on Conservation 
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of Oil, but from the reference to it which he had seen in the papers 
he did not think it went quite so far as some of Sir Thomas's 
enthusiastic friends went. He thought the pious hope was ex. 
pressed that the American Government would naturally support 
its own nationals in any oil enterprises in countries beyond seas ; 
but he did not find anything in it of a very aggressive nature, 
and many of the opinions of a merely controversial nature seemed 
to him’ to some extent to contradict one another. One would find 
one American speaker, quoted by Sir Thomas Holland, speaking 
of resisting the aggressive action of foreign capital in American 
oil industry in particular; but on going to another paper from 
America and getting the statistics, one would find that that aggres- 
sive foreign action had at present succeeded in a participation of 
about 4 per cent.—4 per cent. in the American oil enterprise. 
Therefore there had been nothing particularly aggressive in that. 
In other papers one saw the argument: ‘“ Why not welcome this 
aggression ; it helps development and in time of war or emer- 
gency, foreign capital will have developed the oilfields, and it 
will be America which will get the benefit, and not the particular 
countries perhaps which have put their money into the oil wells.” 
Therefore, as often happened, one got one set of opinions very 
much tending to cancel or reduce another set of opinions. These 
brief remarks were intended to emphasise what he (the speaker) 
had said in his paper on the economics of the oil situation in 
British dominions, and also to support Sir Thomas Holland’s 
definite suggestions as watchful and helpful action by Petroleum 
Technologists in future. 


Mr. E. H. Cunningham Craig said he had only one thing 
to say—namely, that he fiad perhaps taken a slightly optimistic 
view of the future production in Burma and Assam. After con- 
sultation with the principal producing company he had altered 
his paper to the following effect: that in the whole province of 
Burma the peak of production was probably passed, but that 
there were hopes of maintaining a good production for many 
years. With regard to Assam, possibly he had been looking a 
little too far ahead, although he predicted that in it there would 
be a steady rise of production. 


Mr. J. McConnell-Sanders said that, in regard to the table 
showing the capacity of petroleum refineries operating within 
the British Empire, he thought that in the case of India he had 
possibly over-estimated the number of refineries actually operating. 
He was not prepared at the moment to give the modified figures, 
but he thought that the total number of refineries put down as 
capable of refining 54,700 bbls. was a little too high. The members 
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would have noted that with regard to the refining capacity of 
the refineries, he had taken it as 20 per cent. topping capacity— 
which, of course, made some of the refineries appear to have a 
somewhat larger capacity in the paper than they were actually 
showing at the present time. He did not think that was a bad 
feature, so long as the basis was understood. 


The President said he was pleased to say that Mr. Catherall, 
the Inspector of Mines in Trinidad, was present, and he was sure 
it would be a very great advantage if Mr. Catherall could tell the 
members something of those points of which he knew so much, 
particularly the production of the island of Trinidad—which was 
a very important matter in connection with the subject under 
discussion. 

Mr. A. P. Catherall said he was rather taken by surprise at 
being called upon to speak. He had only landed in England a 
few days ago, and he had merely come to the meeting to listen 
to other members. As Sir Frederick Black had pointed out, 
Trinidad now. as in the past, was a colony which supplied quite a 
considerable portion of the fuel oil and other products which 
were obtained within the Empire—although, of course, the Empire- 
produced oil was quite a small proportion of that imported and 
required in England. Trinidad was expanding almost daily, and 
at the present time it was looking better than it had ever looked 
in its whole history. As Sir Frederick Black had pointed out, 
Mr. Cunningham Craig had stated to the Committee, which had 
been referred to, that he expected that Trinidad would supply 
half-a-million tons per annum of fuel oil for naval and other pur- 
poses, and that prophecy had been very nearly fulfilled. Whether 
Trinidad would continue to supply large quantities of fuel oil 
he thought was rather open to question at the moment. The 
oil companies there were rather looking to setting up cracking 
plants for the treatment of fuel oil in order to get a more valuable 
product—namely, petrol. He had recently discussed that question 
with the Chairman of one of those oil companies, who had told 
him that he expected to get 42 per cent. of petrol instead of a 
very much lower percentage which had been obtained up to the 
present ; and naturally one could realise, under those circum- 
stances, that the percentage of fuel oil was rather likely to diminish 
if the companies could produce from their crude a much larger 


percentage of petrol. 
Then, again, in Trinidad, up to perhaps two years ago, most of 


fie Fyzabad, had been obtained from a very small area round 


e Fyzabad, Point Fortin and Morne L’Enfer districts. Within 
the last two years there had been a very considerable activity. 
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Several of the larger companies had been turning their attention 
to future in addition to present production, and had been drilling 
test wells in the outlying districts. Within the last six months 
at least three new districts had been opened up. Guayaguare, 
which was where the first development in Trinidad had taken 
place, then Palo Seco, and also at Cedros. So that in the future 
he was quite confident that, instead of the production of Trinidad 
being obtained from a relatively small area, it would be obtained 
over a considerable proportion of the southern half of the island ; 
and when this was properly tested up he thought it would be able 
to be said that the production of Trinidad, which had been a 
steady upward curve for some years past, would increase at an 
even greater rate than it had done before. 

The value of Trinidad’s exports had roughly increased £300,000 
each year during the past three years, and he felt confident that 
from what he saw to-day that that increase was going to be very 
much larger in the ensuing five years than it had ever been in 
the last five years. 

The forthcoming conference was going to be extremely valuable, 
because, as Inspector of Mines in Trinidad, he felt that there 
were very many technical. problems which had yet to be solved. 
In a small colony like Trinidad it was extremely difficult to solve 
many of those problems and to obtain possibly the very highest 
expert advice on the spot. The forthcoming conference could 
throw light on ‘many problems in the oil industry, which would 
reflect to the benefit of British sources of oil production, and he 
thought it would be to everybody’s benefit to hear the opinions 
expressed, and would help Trinidad in its particular problems, 
which in the past had certainly been distinctly difficult. 


The President said the papers before the meeting were for a 
definite purpose. They were all leading up to certain discussions 
which would take place at the Congress in Canada, arising out of 
which certain decisions would probably be taken. The authors 
of the papers and the Council were desirous that any views which 
members might have upon the various matters which were the 
subject of the papers should have every consideration, and that 
the authors should be able to hear any views which the members 
might have, and also that the Council should know that the 
members agreed with the action which was being taken in the 
papers going to the Congress. - 

Mr. C. Dabell said, referring to Sir Frederick Black’s remarks 
regarding the possibility of the United States at some time or 
other not being in a position further to export products, it appeared 
to him that that would be one of the finest things which could 
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happen to this country, inasmuch as the development of oil from 
the whole of the Empire would be accelerated. 


Mr. T. Dewhurst referred to the point raised by the last 
speaker, and stated that it was not outside the realm of possibility 
that the United States might in time become a non-exporting 
country in regard to petroleum. He had read the report of 
President Coolidge’s Committee and had gathered from it that 
about half the enormous oil production of the United States 
came from a very small percentage of the wells. The United 
States had been extremely fortunate in recent years in having 
discovered a series of new and extremely rich oilfields, and it was 
the big wells in these fields which constituted the very small per- 
centage referred to above. The present position in that country 
had therefore resulted from an extraordinary run of good fortune 
and it might be unwise to rely on its continuance ; in fact, a break 
in this run of fortune might occur sooner than many people 
imagined. It was also important to bear in mind that the big 
new fields which had been found in recent years had been very 
rapidly and even wastefully developed. It would therefore appear 
that the present enormous production could only be maintained 
by the continued discovery of new and very rich oilfields and also 
by their very rapid development to their maximum capacity. It 
was therefore not impossible that in a short number of years the 
United States might require the whole of its production for home 
consumption and might even find it necessary to import oil from 
outside sources. This possibility is of interest in view of the 
remarks of previous speakers. He would mention one other point. 
The interests of Governments and oil companies were identical— 
namely, that both wished to secure the maximum benefit obtain- 
able from the petroleum deposits of a country. The industry 
was young, and technical knowledge was growing very rapidly. 
Improvements were always taking place, and the oil companies, 
and particularly the large companies, had an immense stock of 
technical experience and knowledge at their command, whereas 
in striking contrast to this state of things the petroleum laws and 
regulations were usually administered by men who had no technical 
knowledge and were consequently unable to appreciate the testing 
and development policies of the companies. He ventured to 
think that if Government officials had more technical knowledge 
of the oil industry they would adopt a more sympathetic attitude 
towards the oil companies; in the absence of such knowledge 
they should place more reliance on the soundness of the testing 
and development policies adopted by the companies. As the 
industry was growing rapidly and changes were constantly taking 
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place, it would seem advisable that petroleum laws and regulations 
should be reviewed periodically and so brought and kept up to 
date so that the industry would not be hampered by out of date 
laws and regulations. 


Mr. E. R. Redgrove asked to be permitted to say one word, 

In the event of the United States becoming a non-exporter, 
he did not think the Empire would have anything to fear in so 
far as supplies of fuel were concerned. 

It had struck him, in reading through the papers, that the small 
but vital question of lubricants seemed to have received rather 
scant attention. He thought that all materials investigated as 
alternative sources of liquid fuel should at the same time be in- 
vestigated as alternative sources of lubricants. A shortage of 
suitable lubricants seemed far more likely than a shortage of 
liquid fuel. 


Sir Thomas Holland said he had very few points to reply 
to, which he thought meant that the Institution had no serious 
objection to the papers which had been put forward, and the 
consequent proposal which had been indicated in those papers— 
namely, that the Institution’s representatives could go to the 
Congress prepared, on behalf of the Institution of Petroleum 
Technologists, to consider the question whether in each Dominion, 
and possibly in some of the larger Colonies, it might not be advis- 
able to have unofficial Committees of specialists to watch the 
progress of events, so far as they affected technology, for the 
purpose of putting in timely suggestions to their Governments 
who were responsible for economic policy and questions of military 
security. The feature which he wanted especially to bring out 
was that those Committees, though not irresponsible, were non- 
responsible, and that any Committee which was responsible could 
not act with the same freedom as one which was devoid of responsi- 
bility for action. Sir Frederick Black in his paper had set an 
example by forecasting the probable state of the oil industry 
15 or 20 years from now. It was a very difficult thing for a member 
of any Government to make any prophecy of the sort ; and yet, 
without some kind of forecast of that sort, a policy could not be 
framed. Somebody was wanted to provide the imagination, and 
the Government could afterwards provide the restraint and under- 
take the responsibility for action. Sir Frederick had mentioned 
that in his (Sir Thomas’s) paper he had not referred to the 
Annual Reviews of Naphthology. That had been an oversight 
on his part, but those reviews of naphthology fell into the 
same class as the reviews on statistical production; they 
summarised in a most convenient form certain groups of 
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researches which had taken place during the recent past, just 
as the figures for production were mere cold records of fact. 
The Reviews of Naphthology did not project ahead; they 
did not point the economic and military lessons, and for a 
very obvious reason: they would lose their value if they once 
departed from their present function of recording meticulously 
and accurately the results which had been achieved in the way 
of research work. At the same time he should like to say that 
he agreed with Sir Frederick Black about the value of those 
Reviews. Like the figures for production, they did not intend 
to go any further, and they ought not to do so. It was on them, 
however, that the future was based. They formed a convenient 
base line for estimating the probable developments in research, 
just as figures for production formed a base line on which to 
project ahead the probable outputs of the future. Especial thanks 
were due to those who had undertaken these Annual Reviews, 
and particularly were thanks due to Dr. Dunstan. 

Mr. Dewhurst had raised an important point, and that was that 
it was desirable at periodic intervals to review the laws, not only 
respecting the exploitation of oil, but other laws affecting the 
industry when the oil reached the surface, because of the fact 
that all laws got out of date with the development of technology ; 
they could only hold good for a certain period. He himself had 
pointed out in his paper that it was important that those laws 
should at periodical intervals be reviewed, on the understanding 
that the reviews were not so frequent as to destroy public confidence 
in their stability, because of all forms of bad administration the 
worst was to destroy the confidence of the commercial public who 
invested their money in an area. He thought the proposed Com- 
mittees, whatever form they might take and in whatever unit 
of Empire area, would be in a position to review those laws at 
intervals and to form very useful critics of Government action. 
He had referred to one instance in his paper, which he had not 
had time to explain fully at the last meeting—namely, a proposal 
in India to introduce a modification of the prospecting and mining 
rules, which, he thought, was a very distinct and definite step 
backwards in the progress of civilisation. It was a proposal, if 
acted upon, which was likely to do far more harm to the develop- 
ment of the oil industry than anything which had been done in 
Russia; and the Leith Committee pointed very definitely to 
the fact that it was bad Russian legislation and not want of oil 
resources which had kept back the development of oil in Russia. 
There was an instance in which he did feel that an Institution like 
the Institution of Petroleum Technologists could discuss the 
question of the laws and regulations regarding the exploitation 
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of oil in a most appropriate way. They were questions by which 
some forms of technology were definitely affected. Petroleum 
technologists were not representing the commercial firms which 
were affected, but they were interested as a whole in the develop. 
ment of oil as one of the natural raw materials of the Empire, 
and any kind of regulation of the sort which he had mentioned 
in regard to India, which quite obviously was calculated to put 
the clock back, was a regulation that the Institution as a whole 
might well express an opinion upon, and therefore the Congress 
in Canada might express its opinion on it, too. For that reason 
he had included in his paper a reference to that proposal. He 
found it difficult to believe that any Government would ever 
think of putting up the leases now being worked by an estab- 
lished and responsible oil company to public auction when the term 
of the lease was about to expire. It was a proposal which would 
incite some companies which were not particularly conscientious, 
to rip out the “innards” of its mines and take good care to get 
what they could out of it during their term of lease. 


Mr. A. P. Catherall said he would very much like to support 
Sir Thomas Holland’s suggestion regarding the Committees’ power 
to suggest amendments to the mining laws throughout the British 
Empire. In particular he thought there was a great deal to be 
done in the way of research, and as a consequence of that, revision 
of the mining laws regarding the conservation of petroleum and 
gas. From the point of view of Government, and from the point 
of view of everybody, it was exceedingly important to conserve 
all our natural resources, and from his experience in the past 
there had been, owing possibly to lack of the best technical know- 
ledge, a certain waste of natural resources. Natural gas had been 
allowed to go to waste when it should have been conserved ; in 
certain cases sands had been exhausted of gas instead of the gas 
being conserved for an agent to lift up the oil, and consequently 
the full recovery from the oil sands had not been obtained. 
Therefore he thought the Committees suggested by Sir Thomas 
Holland would do an enormous amount of good by advocating 
research work into the latest methods of conservation, which was 
one of the most important factors in the whole of the oil industry 
from the point of view of production. 

































Regulation of Velocity of Flow of Fixed Quantities of 
Liquid Over Surfaces.* 


J. P. Fraser and J. A. Carpenter, M.A., A.1.C. (Member). 


The accompanying sketch shows an arrangement which has 
been used by the authors for the circulation of limited amounts 
of water, solutions or other fluids, at regulated speeds over the 
surfaces of metal strips, mostly in connection with corrosion trials. 

The tube (a) leads from a filter pump to a closed vessel (c), to 
which a tube (6), connected with the lower part of the apparatus, 
is attached through a cork. 

The bottom of vessel (c) is fitted with a valve allowing water 
to flow out only; a simple and convenient valve has been used 
in the form of a rubber stopper (d), bored to within a quarter of an 
inch of its bottom surface, in order to admit the end of (c), and 
then almost, but not quite, split horizontally across its section at 
this distance. 

When the pressure in (c) increases sufficiently, the stopper gapes 
and allows water to pass out, closing again when the pressure is 
sufficiently diminished. 

Next comes a fairly large vessel (e) arranged below (c), as shown, 
and fitted with a siphon arrangement, the flow through which is 
regulated by a pinch-cock to deliver the flow at a calculated speed 
over the surface of the metal strip in a glass tube (f). The speed 
of the water is dependent mostly on this adjustment, but if vessel (e) 
is of wide area, there is very little variation due to differences in 
head of pressure. 

From (f) water overflows into (g), which is fitted with a small 
fixed siphon (h) in such a way that (g) empties itself at regular 
intervals into the bottom vessel (i). 

As long as water is present in (i), the suction of the pump draws 
it up into (c), where the hydrostatic pressure of the liquid opens 
the valve (d) automatically when the atmospheric pressure has 
been re-established. 

After a little trial and error regarding the amount of water, 
dimensions and suction, the apparatus can be made to work 
continuously without attention. Free contact with the atmos- 
phere is maintained at several surfaces, but the whole may be 
connected, either as a whole or surface by surface, with an atmos- 
phere of an inert gas, provided that the pressures are equalised 





* Paper received July 12th, 1927. 
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and maintained ; in such a case it must be remembered that the 
original oxygen content of the water or solution will gradually 


tend to become displaced by the inert gas as time goes on. 

















The apparatus as described has been utilised constantly in 
experiments on the rate of corrosion of heat exchangers, stoves, 
etc., in which water is used as cooling or heating medium. 

The apparatus lends itself also for use at any desired temperature 
with (¢) acting as a thermostat ; it can be therefore used for circu- 
lating water at a constant temperature through such apparatus 
as refractometers, glass cells in microscopic work and such like. 

The authors acknowledge the kindness of the Directors of the 
Burmah Oil Company in granting permission for publication and 
of Mr. W. J. Wilson, A.C.G.L., F.L.C., for correction of the proofs. 

















Discussion on ‘‘ The Structure and Stratigraphy of the 
North-West Indian Oilfields.’’* 


Mr. E. Parsons has forwarded the following in reply to Mr. 
E. 8. Pinfold :—t 

Owing to my absence in Africa I have only just received my 
copy of the April issue of the Journal, and hasten to reply to Mr. 
Pinfold’s remarks therein on the views expressed in my paper 
in the October, 1926, issue. 

On pages 470-3 I went at considerable length into the views 
expressed by previous workers as to the age of the oil rocks at 
Kundal. The oil at Kundal is found associated with beds containing 
belemnites, and Wynne with reservations placed them in the 
Triassic group. Dr. Pascoe, however, says of them: “I see no 
reason why the oil horizon should not be accepted as Nummulitic.”’ 
The Mesozoic age of these rocks has therefore not been proved. 
In country so subjected to earth movements as this mere association 
is not sufficient to establish the age of a group. 

With reference to Mr. Pinfold’s remarks regarding the occurrence 
of oil in the Cretaceous at Chak Dalla, I pointed out that the 
absence of the “ Mottled Limestone’ on the northern limbs of 
the folds, as shown in Dr. Pascoe’s map, could be explained by 
overthrusting and not by thinning out of these beds. If such 
overthrusting has occurred here (and we have found in those fields 
mapped in detail that they are common) the occurrence of oil in 
the Cretaceous beds is no evidence of its being indigenous to that 
horizon. 

I believe that in his work in the Southern Trinidad field Mr. 
Cunningham Craig showed that a coal-bearing series might be 
traced laterally into an oil-bearing one. Such a lateral change 
would explain the presence of the coal formation at the basal 
Eocene horizon at Mulla Khel. 

I was interested to read of the test well at Kabbakki, in the Cis- 
Indus Salt Range. On pages 444-5 and 490 evidence is given of . 
a wide unconformity at the base of the Eocene formation in this 
field. Dr. Pascoe had previously shown that gulf conditions 
prevailed at this period, and under such conditions local absences 





* Journ. Inst. Petr. Téch., 1926, 12, (58), 439-505. 
t Ibid., 1927, 18, (61), 339-340. 
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of any particular bed are to be expected. The absence of the oil. 
bearing beds at Kabbakki does not therefore vitiate my reasoning. 

Again, with reference to the fact that in the Khaur field “ the 
wells drilled nearest the fault have, up to the present, given 
definitely inferior results to wells drilled further away from it”; 
it has been emphasised on pages 462-3 that the oil seepage at 
Panoba is a considerable distance from the source, and at lower 
points along the fault plane seepages do not occur owing to the 
rocks in the fault plane being highly impervious. Probably a like 
cause is the explanation of the lower yield of the wells along the 
fault plane at Khaur. 

I regret I have apparently misread Mr. Pinfold’s remarks on the 
subject of Nummulites and their relation to the probable origin 
of the oil of this field and apologise for the mis-statement. 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 
RUMANIAN BRANCH. 


Tue SrxtH GENERAL Meetine of the Rumanian Branch of the 
Institution of Petroleum Technologists was held at the Industrial 
International Club, Ploesti, on Friday, March 25th, 1927, at 
7.30 p.m., Mr. A. Frank DaBeE x, M.I.Mech.E., occupying the Chair. 

The following paper was read, in the absence of the author, by 
Mr. Corn Lerrex :— 


Some Notes on Oil Well Casing. 
By H. L. Lrrrtz (Member). 


Tue four principal types of oil well casing in use to-day are :— 
I. American stove pipe. 
II. Russian and Rumanian riveted casing. 
IIT. Inserted-joint screwed casing. 
IV. Screwed collar casing. 


I. American Stove Pree. 


American stove pipe is composed of a double thickness of 
plate, the circumferential inside joints alternating with the 
outside joints. It is flush riveted on the longitudinal seams 
only, and the outside length of joints is held to the inside 
length of joints by being dented with a pick, which operation 
is carried out in the rig. It can therefore be driven but not 
pulled, and is used only as a conductive string. 

Present-day conditions have, however, developed many varieties 
of stove pipe, such as plain-ended pipe, torch-welded in the rig, 
and a new type of riveted or welded pipe with inserted-joint 
couplings fastened together, not with rivets, but with an arrange- 
ment of slots and snap-rings. This stove-pipe can be recovered 
from the well and the joints disconnected without damage to 
the snap-rings. 

II. Russtan Rivetrep Casrne. 

Russian riveted casing is lap-riveted with a, double row of 

rivets on the longitudinal seam when in 2 ft. 4in. and 4 ft. 8 in. 


lengths, and welded when in 7 ft. lengths. The collars have 
3 F 
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six rows of }in. rivets, i.e., three rows to each constituent tube, 
the number of rivets in each row being usually not less than the 
nominal diameter in inches of the casing. 

Rumanian riveted casing differs from Russian in being butt- 
riveted with an outside batten on the longitudinal seam and a 
notable scarcity on the collars. 

Rumanian riveted pipe is now used only as a conductive string, 
whereas Russian, made in sizes from 42 to 6 in. diameter, is used 
for shutting-off water and as oil strings. These are often cut out 
and utilised in successive wells, being caulked each time upon 
insertion. 

III. INSERTED-JOINT CaSING. 


This type was evolved in territory where drilling progress was 
slow and difficult and where, in spite of eccentric bit under. 
reaming, formation friction prevented the carrying of columns to 
any consideable depth beneath the previous shoe. 

The ever-increasing use of the rotary system of drilling which 
enables the operator to set longer and heavier strings of casing 
should eliminate the necessity for nine or ten different diameters 
of casing in one well. A newcomer to the Rumanian oilfields is 
therefore forcibly struck by the apparent incongruity of the 
utilisation of inserted-joint casing in a rotary drilled well. Cali- 
fornian practice is to drill to such depths with three strings of 
casing, usually 200 ft. of 20 in. or 15 in., 3,000 ft. 10 in. and 3,500 ft. 
8 in. casing. 

The necessity for more strings of casing in Rumania is probably 
due to the fact that the mining authorities require certain water 
sources to be shut off with a separate string, instead of the one, 
or at the most two, made just above the oil horizon in America. 

In “ percussion” drilled wells with inserted-joint casing, the 
operator cannot “ pass-collars” and so free casing which is 
showing a tendency to freeze. Further, inserted-joint casing is 
difficult to handle, slow tc make up, fragile and suffers in transport, 
the thin ends being easily damaged by rough handling. 

It owes its existence to the fact that many sizes can be used 
between the initial and final diameters, which feature, together 
with its cheapness, is probably all that can be said in its favour. 

Before passing to the consideration of screwed collar casing, 
let us ask ourselves ‘“‘ what are the requirements for a theoretically 
perfect oil well casing ?”’ 

The obvious primary duty of all casing being to prevent the 
hole from caving in (which it cannot effect if it itself collapses), 
the first requirement is that it be of thickness to withstand the 
highest anticipated collapsing pressures. 
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The second being to carry its own weight, and that it should 
be of a tensile strength that will stand the pull of its own weight 
together with an addition due to friction. 

The third duty is to be hermetically tight, and this requires 
threads coarse enough to stand being made up and broken out 
several times and yet be fine enough to be water and gas tight. 

It is the contention of the writer that all these requirements 
are contained to a greater degree in special Californian casing of 
the D.B.X. and D.B.8 standards, and to a still greater degree 
in A.P.I. standard, than in any other kind of casing, inserted- 
joint or otherwise. 


IV. Cotztar CasiIna. 


There are several varieties of threaded collared casing, e.g., 
standard casing, South Penn casing, D.B.X. special Californian 
casing, D.B.8 Californian casing, and the new A.P.I. casing. The 
standard and South Penn casing are of lighter section and have 
shorter collars, the taper of the threads being { in. diameter per 
foot for 114 and 10 threads to the inch on the smaller and medium 
sizes, and }? in. diameter per foot for 8 threads to the inch on the 
largest sizes. D.B.X. casing is threaded 10 threads to the inch 
on a taper of jin. diameter per foot for all sizes except 20 in. 
drive pipe conductor. D.B.8 casing, as the name implies, has for 
all sizes 8 threads to the inch or a taper of } in. diameter per foot. 
The D.B.X. collars are long and recessed at each end, and the 
collar is so designed that if a column of casing is overstrained in 
tension, it parts by stripping the threads rather than by the 
breaking of the casing just above or below a collar. 

The American Petroleum Institute has recently drawn up 
specifications for new standards of casing which differ from D.B.X. 
and D.B.8 in the following details :—All so-called nominal sizes 
correspond to their external diameters. From 4} to 8} in. all 
sizes are threaded 10 threads to the inch, and from 10}-24} in. 


inclusive 8 threads to the inch. There are no less than 73 different - 


makes of casing between 4jin. and 24}in. The 8jin. size is 
made f.i. in five different weights—namely, 28, 32, 36, 38 and 
43 lb. per foot, both lap-welded and of seamless material, giving 
10 different grades with one diameter. The collapsing strength of 
the seamless casing is 20 per cent. greater than the lap-welded. 

The safety length of the heaviest 4} in. casing with a factor 
of safety of 2 is 5-650 ft. and the length of the string equivalent 
to the tensile strength of the 4} in. joint, also with a factor of 
safety of 2, is no less than 8-554 ft. 

Seamless D.B.X. 4} in. casing is already made weighing 21 lb. 
per foot, or about 31 kg. per metre, which is stout enough to 
3F2 
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resist collapsing pressures with a factor of safety of 2 to a depth 
of 7136 ft. or 2175 metres. 

In view of the success of external-upset pump-tubing and 
internal-upset drill-pipe, it does not seem unreasonable to 
anticipate that in future we shall see the adoption of externally. 
upset casing with coarser threads and thick, heavy collars. This, 
however, would reduce the number of sizes from 10 to, say, 5 or 
6, which need not necessarily prevent the attainment of greater 
depth than in practice to-day. 


Tue CaRE AND HANDLING oF CASING. 


Too much care in handling casing prior to its insertion in the 
well cannot be exercised. American operators realise this and 
build a casing rack against their rigs on which the required string 
of caaing is neatly stacked. This arrangement keeps the casing 
clean and facilitates the removal of protectors, and joints can be 
more easily measured. From the rack it is carefully hauled into 
the rig on casing waggons. It is no uncommon thing in Europe 
to see the fragile inserted-joint casing dumped in the mud outside 
of the derrick, and when being pulled into the derrick it may 
come into violent contact with fishing tools and junk lying near 
the rig, and in place of a casing waggon a stick or a piece of old 
belting is placed under the dragging end of a joint. The casing 
thus suffers considerably more before it reaches the swivel than 
it does afterwards in the well. 

After the removal of the protectors the threads should be scraped 
with a spade-shaped piece of soft-wood in order to remove the 
protective grease. This grease is not intended as a lubricant, as 
it usually gathers foreign matter during transport. It is only 
when the threads have been thoroughly cleaned and _ polished 
with a wire brush and benzine and inspected for damage, 
that the lubricant proper, or the casing “dope” should be 
applied. 

Inferior casing dopes, such as a “ paint” mixed by hand from 
red lead and crude or lubricating oil are often the causes 
of damaged threads, since the red lead frequently collects 
dust and grit when kept in a rig. Such a dope should not 
be used. 

One company uses the following mixture :— 


Tallow, 200 lb. 
White lead, machine ground in oil, 24 Ib. 
Graphite, 24 Ib. 

Lard oil, 30 gall. 
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Another mixture consists of :— 


120 Ib. of fine zine dust. 
70 lb. golden brank pin grease No. 3. 
10 lb. Ball Chemical Co. spraying oil. 


If the last mentioned item is not obtainable, the writer favours 
a simple mixture of only powdered graphite and cup-grease. This 
gives better results than any red or white lead mixtures, and is 
simple to mix and readily obtainable. 


MAKING UP CASING. 


When a string of casing is being made up, a joint may be badly 
stabbed into the collar or female end, so that it leans over out of 
the perpendicular. It should never be forced back to the vertical 
position but should be withdrawn and examined, since it 
frequently happens that the fine end of the threads has been 
sheared, which would ultimately ruin the joint. 

On one occasion the writer was obliged to repair such damaged 
threads, as the supply of joints was limited. After hammer and 
chisel and a blunt file had been used, the threads were still rough 
and galling was anticipated. This was, however, successfully 
avoided by inserting a few sheets of tin foil (the so-called silver 
paper from cigarette packets) between the threads. Such a 
“lubricant” is usually obtainable in even the most distant 
wildcat camps. 

When joints are being made up, careful judgment and patience 
is required, and by feeling the coupling with the bare hand 
excessive temperatures can be detected. All good joints become 
slightly heated when made up at a speed of, say, 10-12 turns 
per minute, but a galled joint can easily be detected, since it 
soon becomes too hot to be felt by the bare hand and should be 
immediately broken out and discarded. 


LANDING CASING. 


It is already usual practice to “ float in” long strings of casing, 
either by plugging the shoe or an intermediate joint with a 
wooden plug or by fitting a metal shoe plug with a back-pressure 
valve which can be tripped to close at will. 


Testina CASING. 


After a cemented or formation shut-off has been made, the 
liquid in the casing should be bailed down before the cement or 
plug is drilled out of the shoe-joint. The joints of the whole 
string can thus be tested for leaks by measuring the fluid level 
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periodically or by using a casing tester. Leaking joints can 
usually be made watertight by a further screwing up of the 
couplings of the entire column. Only after the joints have been 
proved watertight should the shoe-joint be cleaned out and a 
short length of hole be made below the shoe and the shut-off 
finally tested. This two-stage operation facilitates the tracing of 
the weak points in an ineffective water shut-off. 


COLLAPSED CASING. 


Casing may collapse from many causes, e.g., high static head 
of liquid behind empty casing, gradual accumulation of gas of 
high pressure which was drilled through unnoticed, wash-out 
cavities, earth movements and lateral pressures. Albert Millar 
and others have written on the former causes, but a reference to 
the latter by Dorsey Hager seems here appropriate :—‘ Soft 
sands and shales are more subject to movement than limestone 
and hard strata and Tertiary folds provide excellent conditions 
for unbalanced pressures, which are upset when the fold is 
penetrated by the bit and drilling liquid.” 

He gives the diagram, showing that “at any point the vertical 
pressure of the strata may be resolved into a component at right 
angles to the angle of dip of the strata.””’ This component can be 
resolved into a resultant which is called the lateral pressure. 
It is the action of this lateral pressure which he believes to be 
the cause of most collapsed casing. 

The average specific gravity of the strata which constitute the 
earth’s crust is 2-5. A column of average strata 1 in. square by 
1 ft. high therefore gives a pressure of 1-08 lb. per sq. in. on a 
column of strata of average composition, 3,000 ft. high, exerts a 
pressure of 3,240 lb. per sq. in. The lateral resultant on an angle 
of dip of 45° is exactly half or 1,620 lb. per sq. in., which pressure 
is certainly high enough to collapse interior casing. It should be 
noted that the lateral pressure is highest on an angle of dip of 
45°, and on angles greater and less than 45° the lateral pressure 
is lower. 

From this it is to be seen that the geologist should co-operate 
with the engineer to determine the thickness of casing to be run 
in a well drilled on an unusual or incompletely elucidated structure. 

In engineering structures above ground factors of safety of 
5 and 10 and even more are frequently employed, yet in invisible 
conditions underground, such as the casing of an oil well, some 
operators are satisfied to use casing which has a factor of safety 
of even less than 2. 4 

If factors of safety of 5 or even 3 were insisted upon, as advised 
by the well-known authority on casing collapse, Professor Stewart, 
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we should rarely have cases of crushed casing in oil wells, in spite 
of the drastic demands made by Government mining inspectors 
to “ bail down dry” in testing a water shut-off. 

In Rumania collapsed casing is exceptionally frequent, and this 
must be attributed in no small degree to the use of inserted-joint 
casing of too light type. Many collapses might be avoided if oil 
well operators would demand an external or resistance to collapse 
test pressure from casing manufacturers, instead of the guarantee 
of an inside test pressure. 

An astonishing discrepancy is revealed in the strength of the 
7in. I. Joint-Rumanian-Mannesman casing, which is so thin that 
it could not be used with safety below 732 metres. In fact, it 
is actually weaker than the 8}” and could not be carried a single 
metre below the 8}” shoe without risk of collapse. 

To bring the 7 mm.—29 kilo-per-metre—7 in. casing into line with 
the other sizes, so that it could be set safely at a depth of, say, 
915 metres, it would require to be of a thickness of not less than 
8}m.m. and to weigh about 36 kilos instead of 29 kilos per metre. 
The 7in. casing, as at present made, is therefore a size which 
should be avoided if possible. 

If this be compared with the 63 D.B.X. which is made in 24, 
26, 28 and 30 Ib. per foot run, the last of which can be set at over 
1350 metres without taking any risks, it demonstrates forcibly 
the superiority of D.B.X. collared casing over inserted-joint 
casing. 


INSTANCES OF COLLAPSED CASING. 


Suman gives a typical example which occurred in a wildcat well 
in Colombia. The hole was 2,210 ft. deep, at which depth 10 in. 
40 lb. casing was landed. The liquid was being bailed down, and 
when the level of 1,150 ft. had been reached the casing collapsed 
at 1,600 ft. There was a sharp report like an explosion and a 
rush of air which blew off the hats of the men standing near the 
hole. This was immediately followed by an eruption of water 
to a height of 50 ft. The water was followed by gas. 

The interesting point about this case is that the limit of safety 
for 10 in. 40 Ib. casing with a factor of safety 2 is exactly 1,640 ft., 
or within 40 ft. of the depth of the collapse. 

Within the writer’s knowledge there occurred a casing collapse 
in a rotary drilled well in Trinidad. A water string of 12} in. 
40 Ib. casing had been set at 1,113 ft., followed by 10in. 40 Ib. 
casing set at 1,755 ft., the oil showing being at 1,850 ft. When 
the liquid was bailed down to test the show, the 10 in. casing 
collapsed at 815 ft, 
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Now, the collapsing depth of 10 in. 40 Ib. casing being 1,640 ft., 
or about double the depth of the collapse, the reason for the 
accident seemed obscure. On investigation being made, it was 
found that the 12}in. casing had also collapsed at 815 ft. 

The log of the well showed a water sand at 300 ft., ie., behind 
the 12}in. casing. The safety limit of 12} in. 40 lb. casing with 
a factor of safety 2 is 585 ft., so that it is natural that it should 
collapse at 815 ft. and in collapsing crush the 10 in. column. 

It has been the writer's aim throughout these notes to draw 
the attention of operators in Rumania to the fact that the present 
standards of inserted-joint casing, as used in Rumania, are no 
longer heavy enough for the increasing depths of wells. Since 
it has already become necessary to use 12 and 14 m.m. inserted. 
joint casing, it would cost little more to utilise collared casing of 
the D.B.X. or A.P.I. standards. 

Immediately the necessity to run close-fitting sizes has been 
eliminated, the main advantage of inserted-joint casing ceases 
to exist. 


DISCUSSION. 


Mr. Ray P. Walters said : The author mentions the important 
effect of the pressure from the weight of the overlying sediments 
on the casing. In my opinion the importance of this factor has 
been greatly overstressed. Before casing is inserted the lateral 
pressure due to this cause is not sufficient to overcome the pressure 
caused by the fluid, and if the hole is bailed down without inserting 
casing, only caving will result. The caving in this case is due 
not so much to the lateral pressure as to the “‘ cavey ” nature of 
the sands and shales. No great lateral pressure need be necessary 
to produce caving. It is admitted, however, that the lateral 
pressure due to the weight of the overlying sediments wil! increase 
with time, and after a sufficiently long period will be great enough 
at depth to collapse the casing. The time necessary to bring this 
about should be sufficiently long, except in the case of very soft 
and runny beds, to permit ample time for the exhaustion of the 
producing horizons. 

I would like to mention a system of cementing which has been 
recently: adopted in California which is of great importance in 
connection with preventing collapsing of casing. Between the 
shoe of the water string and the top of the perforations of the 
producing string there is often a barren zone, which contains 
possible water bearing sands or “thief”? sands. When the pro- 
ducing string is run into the well a cementing shoe and a solid 
baffle plate are placed immediately above the perforations. On the 
outside of the cementing shoe a canvas umbrella-like packer with 
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steel staves is placed. Cement is pumped behind the casing in 
the usual manner through the cementing shoe. The packer pre- 
vents the cement from going down around the perforations. The 
purpose of this is not only to protect the well against water and 
“thief” sands between the shoe of the water string and the top 
of the perforations, but also to hold a column of fluid between the 
producing and water strings to protect the water string against 
collapse. 


Captain J. E. Treacy, referring to the author’s remarks upon 
“galling” of threads on screw joint casing, quoted an extract 
from a paper, published in March of last year by the Institute of 
Mechanical Engineers, entitled “‘ An Investigation of the Failure of 
Screwed Steel Pipe Joints,” by W. M. Jennings, B.Sc., which 
dealt particularly with the destruction of threads, especially with 
reference to oil well casing. 

Experiments were made by screwing together hard and soft 
sockets with soft and hard tubes, with clean and dirty dry threads 
and clean and dirty oiled threads. 

The author concluded that “ galling” was mainly due to the 
quality of the steel used and that the best material for solid-drawn 
pipe is a hard steel with a minimum content of 0.3 per cent. of 
carbon for both socket and tube, and that any form of lubricant 
was good provided it had sufficient body to form a flexible film 
between the screwed surface. 

Further, under the A.P.I. pipe specifications 15£, inspection tests 
demand that threads in couplings and on casing and pipe shall be 
so nearly alike in form and size, and so well finished, that joints 
can be screwed together with suitable lubricant, far enough to 
make a tight joint, and unscrew four times without injury to 
threads. 

By careful control of the making up of joints galling can be 
readily detected, and the speed of the screwing up apparently 
has no effect on galling. 

It is doubtful if, when the socket or ‘tube j is slightly oval, if this 
is a cause of galling. Much trouble was experienced in Rumania 
after the war with bad threads on pipe, more particularly with 
the larger sizes. When making up the threads both pipe and 
socket would gall and strip. This was undoubtedly caused by 
bad material and thread gauges used in post-war conditions. 

The author’s experience of using lead foil for putting in threads 
is valuable. 

A good lubricant when screwing up pipe is of great importance, 
and we have many formulz, but in my experience ordinary beef 

suet, if free from grit, is as good as the more complicated mixtures. 
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Mr. T. P. Perrott expressed appreciation of the suggested pre. 
cautions to be taken before lowering casing into wells, but held 
that the author had omitted one of great importance—the weighing 
of each length and inserting those of greatest weight per foot at 
the bottom. 

The manufacturers demand a tolerance plus or minus, and by 
taking advantage of this feature great advantage is obtained, 
otherwise without weighing the weakest joint may be found at 
the bottom of the string. ' 

The fundamental issue at stake had been avoided by members 
taking part in the discussion—the question as to the relative 
advantage of inserted and collar casing. 

In the Runcu, Gropi and Chiciura district, where it is necessary 
to stop at every source to pick up 100 cars of oil here and 
there, one would never get the wells down if collar casing was 
used. 

At 227 metres in the Meotic a water shut-off has to be made, 
after which at every 15 to 40 metres tests must be made, each 
entailing a reduction in diameter ; therefore inserted joint casing 
is best suited for use in Rumania. 

It can always be brought up to a stronger standard by the addi- 
tion of a few millimetres to the walls. 


Mr. J. F. F. McQueen said that the previous speaker had 
raised a most important point and one upon which he would like 
to enlarge. 

From a few figures personally collected he wished to quote those 
referring to five columns of casing of which every length had been 
measured and weighed before insertion. 

The outstanding feature was that in four of the five columns 
selected for example, one outstanding weak joint had been 
detected. These weak lengths were respectively 14, 26, 14 and 13 
per cent. under the average weight per metre run of the column. 

The average weights compared very favourably with the nominal 
weights as given by the manufacturers, and, in fact, more lengths 
were found exceeding the average figure than those showing a 
lesser figure. By placing these heavier lengths at the bottom of 
the column one added what might be called a measure of safety to 
the factor of safety already existing for the column. 

However, by running the casing length by length chosen hap- 
hazard, a great risk would be run, for a weak joint such as those 
mentioned might be placed at considerable depth and not even 
the normal safety factor would compensate for the weakness, 
and the safety of the well might be seriously endangered. 
Referring to collapsed casing due to the pressure resultant from 
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the dip of the strata, he thought the author had somewhat unduly 
stressed this feature. 

It was to be observed in cuttings and embankments where a 
very large exposure was made that slip of the stratum was not 
very considerable, and it was unlikely that such would occur when 
only a small perforation was made in a bed, even one of soft 
material having a dip of 45°, particularly if the superincumbent 
strata consisted of consolidated formations. 

The author suggested that for a depth of 3,000 ft. allowance 
should be made for an additional pressure of 1,620 lb. per sq. in. 
Taking, for example, a column of 8} in. by 8 mm. casing, the collaps-- 
ing pressure of which was 1,680 lb. at a depth of some 4,200 ft. ; 
if it was necessary to allow for a further 1,620 lb. it entailed the 
application of a safety factor of 4 and meant that the column 
should only be run to a depth of some 1,000 ft. 

Obviously it was impracticable to admit of such additional 
pressure, even if it existed. 


Mr. Colin Leitch said that in addition to the 7 in. diameter 
he knew of operators who had experienced trouble with that of 
6 in., and that experiments made had shown a certain make of 
casing to gall from the use of “ swivels.” 

“ Swivels ” should be made of the same material as the casing 
they were used upon. 


The Chairman, in closing the discussion, said that he was 
reluctant to add to the list of risks the author had tabulated, but 
one of such importance had been omitted that could not be ignored. 

That was the matter of ovality or ellipticity of pipe arising from 
defective workmanship in manufacture, stacking in quantity, 
rough treatment in transport, the use of badly-designed clamps 
or spiders, insertion in crooked bore, etc. 

Deformity in pipe subject to internal pressure or pressure exerted 
outward is of negligible importance as pressure tends to remedy 
the defect. 

In well casing, the pressure being upon the outside, departure 
from the circular form takes from the pipe its principal factor of 
resistance to collapse. 

As an arch will fail when it loses form, so when pipe is out of 
round will the arch value be lost. 

In the “‘ Annales des Mines de Roumanie ” a paper has appeared 
by Engineer Barbu Sergescu upon “ The Influence of Ovality upon 
Well Casing,”’ where it is shown by calculation that, approximately, 
2 per cent. ovality reduces the strength of casing by 50 per cent. 

It is to be remembered that formule and tables referring to 
collapsing pressure are applicable only to truly round pipe. Pen- 
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nington classes roundness as the most important factor governing 
resistance to collapse, resistance of metal and tensile strength 
being of secondary importance. 

Furthermore, Professor Stewart, upon whose experiments al] 
tables of collapsing pressure are based, eventually declared that 
the greatest weakness of pipe is in its departure from roundness, 

He suggested, therefore, that in appreciation of this danger 
greater care should be practised in the transport of casing and that 
it may even prove profitable to box each length for transit. 

Under present practice it is common to see casing thrown from 
railway trucks or rolled down hillsides in a manner that indicates 
no appreciation of the serious nature of injury accruing from 
deformity. 

It is certain that a gauge should be passed through each pipe 
before it is put into a well. For extreme safety, when casing is 
known to have been maltreated, remedy lies in cementing the back 
of each column. 

The author pleads for the application of a bigger factor of 

safety. 

If we are to adopt thickness of casing to withstand : 

Pressure of liquid corresponding to total depth ; 

Pressure of gas ; 

Formation pressure on the calculations of Dorsey Hager ; 

Caving ground building up on one side of a column which lies 

eccentrically ; 

Vibration ; 

Corrosion due to sulphur compounds ; 

Abrasion by eruption or rope ; 

Tensile and compression strains due to bent hole 
it is obvious that we attain absurdity ; therefore, in determining 
casing schemes we must be guided by circumstances. 

The absence of the author was regrettable, as it was difficult to 
fully appreciate his declarations upon light and heavy standards. 

It was clear, however, that he had established his case in the 
matter of the use of collar casing in rotary-drilled wells where 
the time factor was so important and the relatively greater strength 
of small diameter columns permitted their being carried to greater 
depth. 

He moved a vote of thanks to Mr. Little. 

This was heartily supported. 


Mr. F. G. Rappoport said that he could not accept the declara- 
tion of Dorsey Hager referring to lateral pressure. 

He thought that only when strata became unconsolidated such 
pressure was exerted upon the column. 





LITTLE : SOME NOTES ON OIL WELL CASING.—DISCUSSION. 741 


The author, in a written reply, mentioned that Mr. Wallen’s 
description of the Californian cementation, employing a “ canvas 
wnbrella-like packer,” is of interest and appears to be a refinement 
of the old leather “ bootleg-packer ” adapted to cement, instead 
of merely holding up shale cavings. 

In reply to remarks by Mr. Treacy and Mr. Leitch, he agreed 
that bad materials, or widely different materials, were almost 
certain to cause galling of threads, especially if poor lubricant 
had been used when threading joints. 

One remedy against swivels was to discontinue their use and 
employ a “spider and slips” type of elevator; the latter were 
much faster to use and did not affect the threads. 

Animal grease, such as beef suet or Russian tallow, used as 
casing dope, in the author’s opinion, were not entirely satis- 
factory, as they melted and ran out of a warm joint and were 
dissolved easily by the lighter products present in high grade oil. 

With regard to the practice of weighing each joint of casing 
to find weak joints, it was undoubtedly a good method to eliminate 
chances of collapse, but it called for much extra time and trouble. 

With regard to ovality the author is in agreement with the 
chairman, and would suggest that thick wooden discs driven into 
each end of I.J. casing would help to prevent indentation and 
ovality caused by rough handling. 

It is noticeable that I.J. casing suffers in this respect far more 
than collared pipe, and that collapses in the well of I.J. casing 
usually start just at the top of the male threading. 

In conclusion, it was not the author’s intention to suggest a 
separate factor of safety to be added for each and every possible 
cause of collapse (mentioned by the chairman), but to consider 
the possible maximum pressure and to meet the same with a suitable 
factor of safety. 

On the motion of the Chairman a vote of thanks was passed to 
Mr. Little for his contribution. 


BIBLIOGRAPHY. 


Dorsey r’s “ Practical Oil Geology.” 
Jetneye Deep Well Drilling.” 
Suman’s “ Production Methods.” 
National Tube Co.’s “ Plain Facts about Casing, Drill-Pipe and Tubing.” 





THE INSTITUTION OF PETROLEUM TECHNOLOGISTS 
RUMANIAN BRANCH. 


Tue Seventa General Meetine of the Rumanian Branch of 
the Institution of Petroleum Technologists was held at the Industrial 
International Club, Ploesti, on Friday, April 29th, at 7.30 p.m., 
Mr. A. Frank Dabell, M.I.Mech.E., occupying the chair. 

The following paper was read :— 


Bean Control of Flowing Wells. 
By J. F. F. McQuzen, A.R.S.M. (Associate Member). 


The purpose of this paper is to review the laws governing the 
regulation of discharge from flowing wells and their application 
to local conditions, for it is only by this regulation that the 
nearest approach to efficient production may be attained. 

The most efficient method of production is that which results 

in the yield of the maximum quantity of oil with the release of 
the minimum quantity of gas, for the reason that, the latent 
energy in any source being limited to the gas therein contained, 
failure to derive the maximum benefit of such during the early 
life of wells results in shortening of the flow period. 
- The importance of this period is appreciated universally, and 
considerable attention has been paid to the conservation of gas 
power with a view to prolonging the actual time over which 
wells may be made to flow, for it is certain that once gas has 
been given release by the perforation of an oil source its power, 
commonly known as “the pressure,” diminishes steadily, and 
thus gas supply becomes the governing factor determining the 
length of flow. 

Flow conditions are due entirely to the expansive force or the 
propulsive effort of gas, and consequently whatever success may 
attend to the conservation of gas at the surface, it can never 
compensate for the value it contained in situ if it has been allowed 
to escape freely and without its propulsive effort being applied, 
to useful effect. ; 

Gas in situ is contained in oil in a liquid or absorbed form and 
does not exist in the free state until reduction of pressure upon 
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the oil permits of the expansion of liquid gas, and it is this change 
of state that is responsible for the propulsive effort obtained. 

That is to say, as long as the oil remains under pressure obtaining 
before the stratum was perforated only gas in the absorbed or 
occluded state is existent, and if the reduction of this pressure 
can be controlled by surface means, so can the release of gas be 
controlled, and it is upon this principle that the regulation of 
flowing wells is based. 

Recent tests by the United States Bureau of Mines have shown 
that oil is capable of dissolving half of its volume of natural gas 
at normal temperature and pressure. As this solubility should 
increase in direct ratio with the pressure (Henry’s Law), when a 
pressure of about 1000 lbs. or 65 atmos. obtains, the volume of 
gas in solution should be 32 times the volume of that of the oil 
containing it. That is to say, a cubic foot of oil saturated with 
gas at that preesure should liberate, when reduced to atmospheric 
pressure, 32 cu. ft. of gas, or alternatively, if this gas were retained 
in an absorbed form, the liquid would expand to 33 times the 
original volume. 

On this latter assumption the release of the gas would mean 
that 32/33 of each original cubic foot of oil would be elevated 
to the surface, but although all absorbed gas may be released, 
in fact 32/33 of the oil is never recovered. 

This shows, therefore, that the expansive force of the gas being 
released is far from being fully utilised, and that some is escaping 
without doing that work of which it is capable. 

This inefficiency may be attributed to the fact that, in cases 
where unrestricted flow is permitted, very rapid decline in pressure 
occurs. This results in release of free gas in the oil source itself, 
and oil containing absorbed gas, and consequently potential power, 
is replaced by oil and free gas which has expanded in the source 
without effecting any work. 

The maintenance of the oil under pressure will to some extent 
preclude formation of free gas in situ by permitting the liberation 
of only that amount necessary to propel oil to the surface. 

It is to be observed that wells of an eruptive nature continue 
in that state for a length of time dependent upon the diameter 
of the casing. With no control upon them, wells of comparatively 
small diameter continue longer than wells of larger diameter— 
other conditions being equal—and the smaller the diameter the 
longer the time of eruption. 

This, then, is the first step towards appreciation of the fact 
that restriction of flow tends to longevity, and the result has 
been a study of imposed restrictions—namely, an orifice of reduced 
diameter applied to the point of outlet of flowing wells. 
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An imposed restriction affects that which, as it has been show, 
above, is highly desirable—it controls the reduction of pressure 
and enables the oil to be maintained under greater pressure than 
is permitted by unrestricted flow. 

One resultant effect of such restriction is that a certain pressure 
is recorded at well-heads, and a nomenclature to describe this as 
“back pressure” has arisen. 

This cannot be considered terminologically correct, for in 
practice no back pressure is applied ; rather is pressure already 
existing in nature maintained, and for this reason the author 
proposes to use the expression “ maintenance pressure ”’ as being 
more truly descriptive. 

The application of bean control, which is a restrictive control 
in the fullest sense, has proved to be the most efficient method of 
keeping or holding maintenance pressure, and it is this feature 
which is of primary importance, for it governs the control of all 
wells of eruptive nature, independent of other conditions. 


APPLICATION OF BEAN. 


So far as present knowledge goes, there is no law governing 
the diameter of a bean to be applied to a new well, for it is one 
of the outstanding features of bean control that every well 
creates a law unto itself. 

In a field where other operators have wells on the bean, an 
idea of the sizes suitable for experiment is certainly available, 
but as the pressure of the same stratum may and does vary over 
very short distances, the ideal size for each individual well can 
only be ascertained by the process of trial and errors, with a 
series of beans of varying size ready to hand, a process calling 
for close observation. 

It is the author’s experience that in the Moreni field, where 
sand troubles are experienced, the application of bean control 
has greater success if the well has blown freely in the initial 
stage and thus been cleared of much of the finer sand particles. 

This results in an increased porosity of the oilsand in the 
immediate vicinity of the well and minimises the trouble from 
sanding up of the well and destruction of beans.and fittings when 
control is eventually applied. 

Moreover, local experience has shown that wells which flow 
uninterruptedly, flow for longer total periods than those which 
demand occasional cleaning or even shutting in to permit of 
the fittings being renewed. 

Assuming that initial blow has taken place and plugging 
occurred—the almost certain result—beans should be inserted in 
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the leads taken off between the two master valves on the casing. 
These beans should be of comparatively large diameter, say, 
% to 30 mm., so that once flow has been induced by cleaning 
the well, loose sand which may remain in the well may be given 
easy exit. Such diameters should give release to sand, and 
though this may be expected to increase further the porosity of 
the containing bed, it is advisable after the initial disturbance 
that a state of quiescence be established in order to prevent 
farther breakdown of the sand rock. 

Reduction of size of bean results in reduction of the amount 
of sand being carried upward, but such reduction must be gradual, 
for the too sudden reduction of bean results in the arrest of the 
high velocity in the casing, and causes sand in suspension, and 
on its way to the surface, to fall back and deposit at the bottom 
of the well, and immediate plugging may occur. The decrease 
in the size of bean should therefore be gradual and carried out 
until a diameter has been obtained through which the quantity 
of sand passed is a minimum. 

In this respect the author has been informed that a successful 
practice in Trinidad was to take continuous samples from wells 
and to reduce diameter continually until the sand passed was 
not in excess of 0-5 per cent. 

An American supply firm recommends the application of a 
bean of diameter of only 4m.m. for wells making much sand, 
but this is difficult to appreciate, for unless an abnormal pressure 
is obtaining production would be negligible. A recommendation 
is also made that reduction or increase in size of bean should 
be made by $m.m. steps, but locally the necessity of such 
exactitude is not evident and beans varying by 1 m.m. appear 
to satisfy requirements. 

Reduction in size of bean is followed by increase in recorded 
pressure, or in the maintenance pressure held, and although a 
greater velocity of efflux occurs, it fails to compensate for the 
greater restriction and a drop in output is the consequence. This 
fall in output is only that which might be expected, but for the 
ultimate benefit of the well the operator must be prepared to 
sacrifice a large temporary rate of output, in order to obtain a 
longer life of flow and ultimate greater production arising from 
the conservation of the gas. 

The retention of too great a maintenance pressure, however, 
leads to unexpected results. It would be imagined that the 
greater the pressure maintained, the more efficient the utilisation 
of the gas power, but in fact too great reduction of bean increases 
the gas-oil ratio, or ratio of gas produced to oil produced. 

3G 
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The author suggests that this increased gas-oil ratio under 
such circumstances is not so inefficient as it would appear, for it 
is highly probable that a greater quantity of gasoline is obtained, 
This could be explained by the fact that, with gas existing only 
in an occluded state, a slight reduction of the initial pressure 
under which oil lies would result in a freeing of insufficient gas 
to carry up oil, but of sufficient to carry the very lightest factions 
which, under still less pressure, would appear at the surface 
mixed with the oil. 

During experiments carried out with maintenance pressure on 
wells in the Brock Field, Okl., it was noticed that the period of 
the highest maintenance pressure coincided with the period of 
highest gasoline content of the gas, but sufficient evidence was 
lacking to correlate definitely these two facts, although the point 
was recorded. 

Nevertheless, the reduction of beans to this point does not 
appear advisable for ordinary purposes, the gas being more 
profitably used for propelling and raising oil than for conveying 
gasoline. 

It is to be seen, therefore, that the ideal size of bean is confined 
to limits defined by the checking of sand release and the pre. 
vention of waste gas release. 

Variation of recorded pressures is observed to occur inversely 
to the diameter of the bean, i.e., as previously mentioned, the 
pressure rises as the bean is reduced, but although an empirical 
curve may be obtained to illustrate this, which shows a more or 
less fixed ratio between the factors on any one well or group of 
wells, it is difficult to translate it into a mathematical formula 
on account of the many varying features. For instance, as the 
initial pressure in an oil stratum commences to fall immediately 
wells enter production, the pressure recorded on the first day 
may not, in certain cases, maintain for longer than that day. 
Moreover, wells in the same stratum need not necessarily show 
the same pressure. 

With regard to production through beans of various sizes, it 
is easily appreciated that this depends entirely upon the pressure 
obtaining at the time of application of any particular bean, but 
it appears in practice that a variation of 1 mm. in beans brings 
about a 5 per cent. increase or decrease in the quantity obtained. 
A direct variation, of course. 

There is no doubt that steady continuous flow obtained by the 
use of beans of correct size adds to the flowing life of wells. Sand 
movement in the stratum is avoided, waste of powerful gas 
eliminated, and direction of flow set up in the containing bed, 
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so that with the equilibrium as littie disturbed as possible, wells 
may continue unchanged for a long period. 

It has been seen that such wells are less likely to be affected 
by neighbouring wells than those of erratic type, ie., those 
flowing and plugging alternately and in a constant state of turmoil 
preventing steady migration of oil towards them. 

Inder conditions of uninterrupted flow, the period over which 
pressure and output maintain would appear to ‘vary with the 
nature of the oil yielded, the character of the sand in which it 
is held, and the undisturbed area which is drained, but a sure 
and steady drop in pressure eventually occurs with an accom- 
panying decrease in output. After watching this for some time 
the operator is tempted to increase the bean and maintain the 
productive figure—a dangerous procedure, for sooner or later a 
millimetre too much will be added to the diameter of the bean 
and sand will reappear with all its attendant dangers and damage 
to the quiescent state so carefully obtained at the outset. 

It may be assumed that the first signs of approaching exhaustion 
will be failure of gas pressure or appearance of water. 

In the first case the bean should remain unchanged as long as 
the well continues uninterrupted flow, but upon the flowing becoming 
intermittent, the bean should be gradually increased. 

In the second case, however, gas pressure may still be excellent, 
and the prevention and cure for watered production lies in reducing 
the size of bean. 

This holding in check of water is another instance of the 
value of the bean; the action may be described as similar to 
that which takes place during the drainage of water from an oil 
tank. In this operation, with the draincock but slightly open, 
only clean water will escape, but if the valve be opened more 
fully, although the level of oil is above the outlet, oil will be 
drawn out with the water, owing to the effort — by the 
velocity of efflux. 

This is paralleled in producing trom a oitiaila oilsand flow 
through open casing or-large diameter bean will bring oil and 
water mixed, whilst with a reduced orifice of discharge clean oil 
may be received. ; 

There is at present a well in Moreni in the watered stage which 
_ flows only for short periods following induction by the swab. 
Whilst actual swabbing is in practice oil and water are yielded, 
but when eruption commences and the well is put upon the bean, 
although oil and water continue for the first half hour, clean oil 
is received. From. this is to be deduced that. more profitable 
results accrue from the restriction of the bean and the conse- 
quent quiescence. | ; 

3H 
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Design oF BEANS. 

To maintain an unvarying size of bean it is important that 
a type which will give as little trouble as possible be employed, 
the two main troubles experienced being abrasion by sand and 
plugging with sand. 

It is to Mr. J. 1. Hayward that the credit belongs for the 
study of the application of hydraulic principles to bean design, 
whereby it is shown that in practice the diameter of a jet ot 
liquid flowing through the orifice in a plate is smaller than the 
diameter of the orifice—it is, in fact, only 0-62 of the area of the 
orifice. This is due to the fact that the liquid is approaching 
the hole from all ditections, but that which is approaching parallel 
to the surface of the plate is unable, owing to its velocity, to 
turn the sharp corner and thence through the hole. 

It tends to curve round and the corner remains untouched; 
in other words, if sand is present, no abrasion takes place at the 
entrance of the orifice: Moreover, as the contraction of the jet 
does not give way to expansion to the full size of ‘the orifice 
within a length of less than 2-3 diameters, a hole in a thin plate 
thus shows itself to be untouched by the liquid at any point, and 
would appear to represent the ideal bean, free from abrasion. 

In the more generally accepted type of bean the contraction 
of the jet on entering the bean must again take place. While 
this renders the inner opening of the bean practically free from 
wear, it results in an undue amount towards the further end, for 
once contraction has taken place, given a bean of length exceeding 
3 diameters, expansion of the jet must follow, and it will then 
impinge upon the inner walls of the bean. With sand in the 
liquid it is easy to see that abrasion will take place at the point 
of impact and practice shows that such happens. 

For instance, a bean of 25mm. and length 200mm. (i. 
8 diameters), after remaining on a well in Moreni only 30 hours 
while the well was blowing, was enlarged at the outer edge to 
double its original diameter, i.e., to 50 mm. 

Another well provided a similar example with a bean also of 
25 mm. and length 180 m.m. (7} diameters), which over a longer 
period of several days wns eolenged 96 the eater, edge. to, 4;tues 
the original diameter, 

The shape assumed in both cases was that of a funnel. 

This condition is inefficient for two reasons—firstly, because the 
life of the bean is short if sand is present, and secondly because 4 
loss of energy oceurs owing to the impact of the liquid on the 
walls of the bean. To overcome this abrasive action it is 
necessary that the liquid be prevented from impinging upon the 
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walls of the bean at any place, and to assure this the liquid must 
at all times flow parallel to the walls. 

Mr. Hayward has appreciated and pointed out that such flow 
may be induced by the simple process of rounding the inner 
entrance of the bean so that all entering liquid remains in contact 
with the walls, and the contraction caused by sharp corners may 
be entirely eliminated. In hydraulic work this is done in nozzles, 
with a resulting increase in discharge of 25 per cent. 

Such design for flow beans is to be recommended for the elimina- 
tion of abrasion, but the increased output must be borne in mind if 
such modification is made in beans of known capacity. 

For the second trouble—the plugging of beans with sand— 
this could be avoided by the insertion in front of the bean of a 
perforated plate with perforaticns smaller than the bean. 

For the preservation of fittings following the bean, it is recom- 
mended that no elbows be fitted when changed direction of flow 
is necessary, but that tees be used in their place. These should 
have an extension before a plug is inserted in the branch along 
the direction of flow, so that a cushion of oil may be formed 
against which the flow impacts when its direction is changed. 


MAINTENANCE PRESSURE. 


As has been shown earlier, bean control owes much of its 
success to the maintenance pressure it permits, but it seems that 
still greater success may be obtained if this pressure be held 
indirectly and not directly as with the bean. 

This is usually done after the flush pressure has fallen off, by 
the insertion of flow tubing of diameter, say 2-3 in., packed off 
near the surface. A bean then placed upon the tubing will fulfil 
the functions for control and regulation of flow, and the annular 
space between the tubing and the casing, if packed off, will afford 
the maintenance pressure. 

The bean will still hold maintenance pressure on the flowing 
oil, but the maintenance pressure of the sand will be shown at 
the casing head. The casing head pressure, as recorded on a 
gauge, may be deceptive in that it only represents the maintenance 
pressure of the oil sand when the annular space is filled with gas ; 
if oil is there, the actual pressure is that recorded by the gauge 
plus that due to the weight of liquid upon the sand. 

A number of figures taken from flowing wells in the San 
Dominguez field, and published with an article by Swigart, go to 
show that the relative maintenance pressures recorded at the 
tubing and casing heads materially affect the gas-oil ratio. 
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He has shown that the gas-oil ratio is lowest when the difference 
between the tubing and casing head pressures is greatest. The 
casing head pressure is always in excess of the tubing pressure, 
and incidentally the greatest difference, and consequently the 
greatest efficiency, is observable at the commencement of the 
flowing life of wells. 

It is seen, therefore, that for the retention of maintenance 
pressure alone, more economical results are obtained when it is 
possible to insert flow pipe and keep the pressure by means of 
an outside packer. 

A brief study of Swigart’s figures for wells flowing under these 
conditions shows that the well recorded with lowest gas-oil ratio, 
released under the best conditions 315 cub. ft. of gas per barrel of 
oil, i.e., 57 cub. ft. gas per cub. ft. of oil. The well at this time 
was yielding some 60 cars daily. 

The maintenance pressure recorded at the casing head was 
700 Ib. or 47 atmos. under which pressure the gas content of the 
oil, as shown in the early part of this paper, should amount to 
23 cub. ft. of oil. 

That is, with 57 cub. ft. released and 23 cub. ft. remaining 
absorbed, the gas content of the oil, if no waste occurs, and all 
is used for expelling its quota of oil, would be 30 cub. ft. This 
amount demands a’ pressure of some 2500 Ib. or 170 atmos. to 
permit of its retention in absorbed form. The oil was leaving 
the tubing under 190 Ib. or 13 atmos. pressure. If the efficiency 
of the gas propulsion was 100 per cent., the rock pressure must 
have been 170 atmos., but with a tubing head pressure of only 
23 atmos, it is improbable that more than one-tenth of this 
170 atmos. really existed in the stratum. 

This tends to show that under the most efficient conditions it 
is doubtful if more than 10 per cent. efficiency in utilisation of 
the gas power was taking place. 

What, then, must be the efficiency of wells producing with a gas- 
oil ratio of some 5000 cub. ft. of gas per barrel of oil (i.e., nearly 
1000 cub. ft. gas per cub. ft. oil), a ratio nearly 20 times as great 
as that of the well discussed above ? 

Surely an enormous waste of power must be taking place. 

Although the above figures tend to show that the retention of 
maintenance pressure is by no means the perfect cure for big gas- 
oil ratios, they do at least show it is effective to a certain degree 
—moreover, a degree far exceeding any other known method. 

It has been suggested that higher efficiency might be attained 
if control could be applied nearer to the source of the oil. It is 
certain that higher maintenance pressure could be retained, and, 
moreover, the gas, issuing through a bean placed at the bottom 
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af the well and coming into contact with the overhead column 
of oil, would prevent the loss ‘occurring which at present may 
take place upon the discharge of richly laden gas at the ‘surface 
and under 

The mechanical difficulties of this, however, seem too great 
at present to permit of any trial being made. 
’ Summarising the beneficial features resulting from the —— 
tion of bean control to flowing wells, the following are 

Such restriction, by controlling the maintenance pressure, por a 
the gas oil ratio and conserves gas in situ for the fuller use of its 
propulsive power. 

Owing to the simplicity of handling output under bean control, 
evaporation losses are reduced to a negligible minimum. 

Sand troubles are much reduced if not entirely eliminated in 
wells which under other conditions are liable to plugging 

Subsidiary to these mechanical advantages, but also of import- 
ance, are the reduction of fire dangers and the Angee of 
production costs. 


DISCUSSION. 


Mr. Gwynn Elias said that an important point concerning 
gas-oil. ratio occurred to him which he considered the author 
had not sufficiently emphasised. It was that the amount of 
control obtainable by simple beaning was limited, and that such 
control should be exercised in conjunction with flow tubing. ~ 

However, gas-oil ratio could be considerably reduced even in 
wells where no tubing was in use, and a well yielding only 
650 cub. ft. of gas per barrel of oil flowing in Rumania was 
instanced. 

For the use of tubing there was a point of maximum efficiency, 
that is, a depth to which the insertion resulted in the minimum 
gas oil ratio. 

His experience in the Moreni field with beans had been that 
their use was not so important for gas oil ratio reduction as for 
sand checking. In his opinion, the size of bean for dealing with 
sand trouble should be small at the commencement and increased 
later. By starting with a large bean the sand came into the 
casing and reduction of: the bean meant reduction of the oit 
velocity and the formation of a sand plug. He preferred to 
increase the size until the percentage of sand reached anything 
from 4 to 2 per cent. 

To obtain the fullest use of the gas in the stratum it should 
be used only for propelling the oil into the well, and then the 
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lifting should be done by compressed gas introduced down the 
hole. _By this means the gas oil ratio was kept to a minimum. 

Referring to the stream lining of beans, steadily flowing wells 
showed no increase in production if this was practised, and he 
himself had found no increase resulting from rounding off the 
bean entrance. That is to say, rounding off a bean with a square 
entrance had no effect on production if the internal diameter 
remained unaltered. 


Mr. R. Walters said that the author had stated that all the 
gas occurring in an oil sand existed in an occluded state in the 
oil, and that none existed as free gas. It seemed to him that 
the statement should be qualified to read that “ usually all the 
gas occurring in an oil sand occurs occluded in the oil,” as 
undoubtedly there were cases when more gas existed in a sand 
than could be absorbed by the oil. All the gas would be taken 
up only when there was insufficient amount to saturate the oil. 


Mr. J. M. Walsh, in agreeing that the author had covered 
the subject of flowing beans in a very thorough manner, stated 
that the meeting might be interested in a condition existing at 
that time at a well in the Rumcu field. The well in question 
had been swabbed for some time in 6} in. casing when the swab 
stuck about 20 metres from the bottom of the hole. Usual fishing 
methods having failed, it was decided to flush down over the swab. 
Two joints of 5 in. inserted casing were connected to 3 in. tubing 
for this purpose, and when the 5 in. casing reached the swab the 
well started flowing through the tubing and continued to do so 
for some months. As previous efforts to flow the well through 
3 in. tubing had failed, the conclusion was that the lower joint 
of 5 in. casing, which was belled out almost to the inside diameter 
of the 6} in. casing, had the effect of confining the gas and guiding 
it up through the tubing; also that the swab stuck in the hole 
had an effect similar to ‘‘ beaning’”’ the well at the bottom, as it 
undoubtedly held back the pressure and confined the gas to a 
small outlet. 


Mr. Colin Leitch remarked that the author had dealt at 
considerable length with beans fitted to the flow-head, but 
devoted. little space to bottom hole beans, and asked what 
results he had obtained from their use. 


The Chairman (Mr. A. Frank Dabell), in closing the discussion, 
spoke of the author’s reference to top closure with wells producing 
through flow pipe, and expressed the opinion that closure by 
packer at depth gave better results. 
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He was aware of the ridicule brought to bear upon the matter 
by those who declared that the conditions governing between 
flow pipe and exterior annular space were those of a simple 
U tube, and that by rendering the pressure gauge at the casing head 
inoperative the pressure upon the sandface was in no way reduced. 

So far as the speaker’s argument was concerned, there was no 
question at issue upon the condition of a well during the period 
of actual normal flow, but when such flow ceased, as often occurs 
in the initial, and inevitably in the final stages, he maintained 
that automatic resumption of flow was more common with closure 
between flow pipe and casing at depth than at the surface. 

In looking for the reason, it was necessary to remember that 
whilst flowing wells often stopped abruptly, resumed flow was 
gradual and preceded by a surging rise as the gas released from 
its source, in seeking escape, lightened the column of liquid and 
raised its level. 

At the moment of this movement operators know that the 
closure of the outlet will “ kill”’ most wells, and even agitation 
will sometimes fail to induce renewed flow thereafter. Con- 
versely, a small quantity of liquid taken from the surface will 
induce instantaneous discharge. 

When closure between flow line and casing is at the surface 
and flow ceases abruptly, then at that moment a maximem 
quantity of liquid is imprisoned in the annular space, ane a 
minimum quantity left in the flow line. 

Balance follows immediately, but an additional weight is 
thrown upon the face of the oil sand as compared with that 
which there would have been were there no feeding of liquid from 
the annular space into the flow line. 

Compared, therefore, with the conditions prevailing when the 
space between flow line and casing is packed off near the souree, 
gas, to gain escape from the source, has first to overcome a 
greater pressure due to the weight of oil fed from the annular 
space, and afterwards to raise again a considerably greater 
quantity of liquid before normal flowing conditions prevail. 


Mr. McQueen, in reply, expressed appreciation of the criticisms 
levelled during the discussion. 

Mr. Elias’ remarks that beans were of greater value when used 
in eonjunction with flow tubing expressed his. own views, but it 
was sometimes difficult to combine the two, particularly during 
the early stages. 

He ventured to differ upon the question of increasing the diameter 
of the bean for sand elimination, for such a method did not, in 
his opinion, afford sufficient scope for the removal of the large 
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body. of sand which was nearly always to be found plugging the 
bottem of a well after initial eruption. This body of sand required 
@ large orifice to permit of its exit. He preferred giving the sand 
easy exit at first and then gradually reducing the velocity while 
the sand was still issuing, and thus preventing more sand being 
induced to enter the well from the stratum. 

The experience with rounded beans was interesting but some. 
what disappointing in that it failed to illustrate increased output. 

Mr, Walters had raised a point which he had anticipated some 
geologist would dispute with him, and although he was prepared 
to modify slightly his statement that ‘‘ gas does not exist in the 
free state’ on account of lack of concrete proof, he still main. 
tained that the consensus of evidence was in support of his 
statement. 

Even where cases were reported of only gas issuing from a 
borehole, it might be argued that such gas was not existing in 
the free state before the bit had reduced the pressure retaining 
it as a liquid in situ, 

He would like to quote an interesting incident that had occurred 
in Moreni. A bailer was sent to the bottom of a 1000 metre well 
to test a source just opened. The bailer was brought up, but 
the usual type valve failed to open upon the bailer being dumped. 
After various attempts in this manner a man commenced to 
wanscrew the whole valve from the body of the bailer, but when 
nearly all the threads were exposed the valve jammed in a cross- 
threaded position. The man struck it with a hammer to release 
it, and an explosion immediately occurred, hurling the valve 
with great violence through a derrick timber to a distance of 
50 metres. 

The point of importance was that less than a bucketful of oil 
came out of the bailer, although it must have been filled with 
liquid at the bottom of the well. The bailer had a gas valve at 
the top, and the incident is illustrative, not only of the efficiency 
of the top valve, but of the formation of a large quantity of gas 
when the pressure was.reduced upon the bailer being brought 
to the surface. 

In answer to Mr. Leitch’s enquiry, he regretted greatly that 
he had no personal experience of the use of bottom hole beans 
other than one which had been introduced above a sand that 
proved ineruptive. As he had remarked in the paper, he was of 
the opinion that the use of such beans was ideal rather than 
practicable so far as their introduction into eruptive wells was 
-coneerned. 


.. In-reply to the Chairman, he had listened with interest to the 
remarks upon the comparison between top and bottom flow pipe 
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kers, and felt that the criticisms were just as far as wells 
which had passed the continuous flow period were concerned. 

As, however, the application of bean control was essentially 
one for wells in the eruptive stage, he thought that the allusion 
to extra pressure arising from the packer placed at the surface 
was in support of his contention that such was the better position 
for the packer, in order that as much pressure as possible should 
be maintained upon the face of the sand. 

Moreover, this pressure being of an indirect nature, did not 
impede actual flow through the flow line, and was consequently 
highly desirable. 

That such pressure upon the oilsand was undesirable in the 
later stages of a well he agreed, but by the time uninterrupted 
flow had ceased owing to exhaustion of gas pressure there was 
but little requirement for bean control, and the factor of main- 
tenance pressure no longer counted so heavily. 

On the motion of the Chairman, a vote of thanks was tendered 
to the author for dealing with a most important field subject upon 
which few men dared to dogmatise. 








REVIEWS. 


Om anp Rerorraste Marerrats. By G. W. Halse. Charles Griffin & 


From the preface and contents one gathers that the purpose of the author 
of this small volume has been to give such particulars of the raw materials 
which may yield “ oils ” on retorting and to outline the underlying principles 
of retorting and the character of the products, so that those unfamiliar 
with technical details may form “‘a judgment upon matters calling for 
their decision.” One gathers from a previous paragraph that these “ matters ” 
are the pros. and cons. of whether we could supply most of our liquid fuel 
requirements from home sources or whether this is an economic impossibility. 

Economic failure of schemes for oil production by retorting bituminous 
material is ascribed by the author to “lack of knowledge, prejudice and 
propaganda.” Presumably the latter is a reference to the exaggerated claims 
made so frequently in company promoting prospectuses. Surely the author 
is providing ammunition for this propaganda in such statements as “ the 
yield of oil from coal is likely to be nearly 100 gallons per ton ” (p. 74), and, 
by low temperature carbonisation of coal, the yield of motor spirit 3 to 4 
gallons per ton (p. 17). Exception may well be taken to the loose use of 
the term “ oil’ for the first liquid products from coal distillation, considering 
the tars (the proper term) contain 30 to 60 per cent. of pitch. Similarly 
the “ motor spirit” is crude naphtha, and much loss in refining would be 
inevitable. Both these points are covered by the author in a later chapter, 
but terminology and figures such as these are only too readily seized upon 
by company promoters exploiting low temperature carbonisation. Will 
the “large company of people who to-day are interested . . . in this subject, 
but who are unfamiliar with its technical details,” be helped by such state- 
ments in forming a sound judgment upon such problems ? 

The earliest chapters, comprising rather more than half the book, deal 
with fuel and solid retortable materials—coal, torbanites and cannels, and 
oil-shaies, in which chapter tar sands get included. These chapters are 
followed by one of some twenty pages on the “ Correlation of Fuels,” and 
searcely justifies the space devoted to it. The last few pages give some 
particulars of the estimated resources of the principal countries. 

The concluding chapters are on retorting, in which the author has wisely 
given general considerations without descriptions of plants, and on dis- 
tillation products, in which we find synthetic and alcoholic fuels briefly 
included ! 

Finally there is a short chapter on Future Liquid Fuel Supplies and a 
short Glossary. 

The seven pages devoted to future supplies summarises very fairly the 
outlook. The author realises the predominating influence which the pro- 
duction and consequently prices of free oil must have on all retorting schemes, 
which are primarily intended to supplement or replace petroleum products, 
and emphasises the fact that the installation of plant “to make any appre- 
ciable addition to the present output of oil must be on a vast scale,” an 
argument he uses in favour of commencing at once wherever there may be a 
chance of success. 
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This will prove quite @ serviceable little book for those who are sufficiently 
familiar with oil problems to view in proper perspective the author’s argu- 
ments and obtain a fair balance of his statements, but one is left with some 
doubts as to its achieving the object avowed in the Preface of enabling 
those unfamiliar with technical details to form a sound judgment on the 
commercial possibilities of oil from retorting in competition with free petro- 
lum, although it is well summarised in the following paragraph : “Te is 


beality it will enter a new lease of life in the near future—i.e., when the 
ever-increasing demand for oil will have overtaken the hitherto ever-increasing 
supply.” J. 8. 8. Brame. 


Tae Om Sates or THe Lornians. R. G. Carruthers, W. Caldwell, E. M. 
Bailey and H. R. J. Conacher. Mem. Geol. Surv., Scotland. H.M. 
Stationery Office. Pp. 274. 3rd Edition, 1927. 5s. 6d. net. 

The third edition of this memoir follows the lines of the two previous editions, 

published in 1906 and 1912, but contains a good deal of new material. 

Part I., “‘ The Geology of the Oil Shale Fields of Scotland,” by Mr. R. G. 
Carruthers, remains substantially as in the second edition, with necessary 
additions and corrections. Detailed culars are included regarding the 
wells sunk for oil at West Calder D'Arcy, Dalkeith. 

“The Methods of Working the Oil Shales,” Part I1., describes the means 
employed in the various fields for winning the oil shale, and has been thoroughly 
revised and brought up to date by Mr. W. Caldwell. 

The section on.“ The Chemistry and Technology of the Oil Shales,” Part I1I., 
formerly the work of the late Mr. D. R. Steuart, has been rewritten by Mr. 
E. M. Bailey. Details of the various seams and of the chemical composition 
of the shales are given, and the chemical composition of the oil is dealt with. 
The processes of the distillation of the shale, the treatment of the crude oil 
to obtain marketable products and the production of sulphate of ammonia 
are fully described. Statistical tables regarding output, etc., and coste are 
included. Analysee of the natural petroleums occurring in the shale fields 
are given and analyses of the oils obtained at D'Arcy and Hardstoft are 
included for comparison. Six pages are given to the consideration of the 
Distillation of Oil Shale by Intrusive Rocks. 

Part IV., “The History of the Scottish Oil Shale Industry,” is a new 
section contributed by Mr. H. R. J. Conacher, and describes the development 
of the industry and the many vicissitudes through which it has passed since 
its inception about seventy years ago. 

A coloured geological map of the Lothian Shale Fields is included, together 
with a sheet of comparative vertical sections. The text illustrations number 
seventy-five figures and ten plates. 

This memoir, being the work of recognised experts on the particular sub- 
ject with which they deal, may well be regarded not only as an accurate 
description of the technology and development of the oil shale industry in 
Scotland, but also as a standard treatise on oil shale. GeorceE SELL. 


Diz WASSERSPERRARBEITEN BEI BOHRUNGEN AUF ErxpdéL. (THe Exciusion 
or Water rrom Om Wet.) B. Schweiger. Pp. 107. Julius 
Springer, Berlin, 1927. 

The author refers to the sparse literature upon this subject found in Europe, 
and this book is no doubt intended for Continental oilmen. 
Only one paper is mentioned amongst the American Bureau of Mines 
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Bulletins (No. 163) besides the well-known work by J. R. Suman, “F 
leum Production Methods.” 

has had long 


The whole subject is treated in very thorough fashion and the au 
own remarks bear the stamp of a thoroughly practical master of the c: 


J. BE. Mansmawt Harn 


BOOKS RECEIVED. 


Tae Lancasume CoatFrieLp. THe Ravine Seam. Part Il. Fuel Research 
Board, 1927. H.M. Stationery Office. Is. 6d. net. "aan 


This paper is the ninth of the series on the Physical and Chemical Survey 
of the National Coal Resources, and Part II. of the report on the Raving 
Seam. It deals with the results of large scale tests on the carbonisation of 
this coal in continuous vertical retorts. It also contains information as to 
the value of the coal and the coke for steam-raising purposes and the suit: 
pve Cmte nets Beeerh andlor bree wnt 8 arate ne The coal and 
the coke are well suited for the purposes for they were tested. 














